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Is This What It Feels Like???
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MSDE’s Definition of STEM Education

STEM education is an approach to teaching and learning
that integrates the content and skills of science, technology,
engineering, mathematics, and other subjects, as
appropriate

The goal of STEM education is to prepare students for
post-secondary study and the 21st century workforce.



STEM Standards of Practice guide
STEM instruction by defining the
combination of behaviors, integrated
with STEM content, which is expected
of a proficient STEM student.

These behaviors include
eengagement in inquiry,
*logical reasoning,
collaboration, and
sInvestigation.



STEM Standards of Practice

Learn and Apply Rigorous Science, Technology, Engineering,
and Mathematics Content

Integrate Science, Technology, Engineering, and Mathematics
Content

Interpret and Communicate STEM Information
Engage in Inquiry
Engage in Logical Reasoning

Collaborate as a STEM Team

Apply Technology Appropriately



NGSS and STEM
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NGSS Science and

Engineering Practices
Asking questions (science) and
defining problems (engineering)
Developing and using models
Planning and carrying out
Investigations
Analyzing and interpreting data
Using mathematics and
computational thinking
Constructing explanations (sci) and
designing solutions (engineering)
Engaging in argument from
evidence
Obtaining, evaluating, and
communicating information
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STEM Standards of Practice

Learn and Apply Rigorous
Science, Technology,
Engineering, and Mathematics
Content

Integrate Science, Technology,
Engineering, and Mathematics
Content

Interpret and Communicate
STEM Information

Engage in Inquiry
Engage in Logical Reasoning
Collaborate as a STEM Team

Apply Technology
Appropriately




Capacities of Literate Individuals
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Structure of a “Lesson”




Engage Students
Context



Engage students with the issue of
importance of healthy stream

Ecosystems on the Edge: Stream Health

NEWS
Fly ash dump draws Md. fine

By Justin Fenton and Justin Fenton, SUN REPORTER | August &, 2007

The state's environmental agency has ordered the operator of a coal
ash dump site to pay a "significant” fine and clean contaminated water
recently detected in Anne Arundel County. The Maryland Department
of the Environment gave BBSS Inc. 60 days to comply or face legal
action, agency spokesman Robert Ballinger said yesterday. He did not
elaborate on the amount of the fine or specific actions. "Taking this
corrective action is how we deem it necessary to take care” of the
contamination, Ballinger said.
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Engaging in the context

— activates student thinking and assesses
prior knowledge

—encourages students to ask questions

— uncovers student misconceptions
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Establish the Essential Question

How can we reduce the impact of human activities on
the water quality of streams in Maryland?
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The Essential Question

* How can we reduce the impact of human
activities on the water quality of streams in
Maryland?

— Establishes the purpose for learning

— Guides the inquiry

— Is aligned with appropriate standards

— Provides opportunities for student investigation

— Makes connections between past and present
learning experiences
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Student
Exploration
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Review literature for
relevant background

Student Preparation

information
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Current Stream
Health Overview

Maryland's
Stronghold
LT AN 1 water Quantity: storm drains deliver

Forested Stream
Buffers naturally, resutting in flooding and bank

How impervious
Surface Impacts
Stream Health

The Effects of
Hurricanes and
Tropical Storms on

How Impervious Surface Impacts Stream Health

About the

Maryland
Biological Stream
ELLD A ke sports fields. The problem with

“Impervious surface” refers to all hard
surfaces like paved roads, parking lots,
roofs, and even highly compacted soils

impervious surfaces is that they prevent
the natural soaking of rainwater into the
ground and slowly seeping into streams.
instead, the rain water accumulates and
flows rapidly into storm drains. This resuts
in severe harm to streams in three
important ways:

large volumes of water to streams
much faster than would occur

erosion. Stream inhabitants are
stressed, displaced, or killed by the
fast moving water and the debris and sediment it brings with it
Water Quality: pollutants (gasoline, o, fertiizers, etc) accumulate on impervious surfaces and
are washed into the streams.

. Water Temperature: during warm weather, rain that falls on impervious surfaces becomes
superheated and can stress or kill stream inhabitants.

Allstream inhabitants are harmed by impervious surfaces, but some are more sensitive than others.

Brook trout, for example, are not found in watersheds with more than 4% impervious surface. Some

salamanders disappear from watersheds with as litte as 0.3% impervious surface!
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Purpose

Report on the
condition of

wadeable streams of

the US.
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The Wadeable Streams Asses]
A Collaborative Survey of
the Nation’s Streams

Background

The Wadeable Streams Assessment (WSA) is a fi
valid survey of the biological condition of stream
1.5. Wadeable streams—streams and rivers that
e 1o sample without boats—were chosen for study
\0 a critical natural resource, because we have a welfl
of methods for monitering them, and because th
under-sampled in traditional menitering progray
a collaborative effort involving states, EPA and of
tribes, universities and other organizations.

The WSA was designed using modern survey techniques; 1,392 randd
sampled to represent the condition of all streams in regions that sharg
characteristics. Participants used the same standardized methods ar aj
results that are comparable across the nation. A rigorous quality conty
training all field crews, auditing field crews and labs, and re-samplingd
sampling began with pilot werk in the West in 2000 and was completq

The WSA used benthic macromoerebrazes to determine the biological ci
Benthic macroinvertebrates are small creatures that live in streams at]
woody debris, or burrowed into the stream bottom. They

include aquatic larval stages of insects such as flies and drag-

onflies; crustaceans such as crayfish; and worms and snails. K

palthier Streams

Measuring Physical Habitat in Streams

impeeviag smsem qusiay

Why Meassure Physical Habitat?
—_—

> The physicsl sructure of atreams i key
> Alteresien of s physics) babitst is smeng fic beading buman slieratis=s 1o swszms

> Seming goels fze meimtziming 3ed reseering physicsl babisst in strzme v s key 42

y %2 urdermanding the strzem St

STREAMHEALTH

Email Friend () print page

Governor Martin 0'Malley ,5
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/!X In the News ‘

Board of Publc Works Approves $28
Milion in Grans for Clean Water and
the Chesapeake Bay MDE 12/15/10
Instructional Video for DNR Stream

Waders Program DNR 11/10/10

Message From the
Governor

The heatth of the Bay is utimately
determined by what we do o the land
- in our cities and towns, on our farms
and forests, in our schools and
backyards. The 10,000 miles of
streams that run through our
communities can deliver either clean
water or pollutants to the Bay. It's our
Bay and it's our choice.

Thank you for choosing to get involved
in improving the health of your stream
and our Bay.
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Student Preparation

Freshwater Ve
Macroinvertebrates Protocol =

Purpose Organisms functions relate to their

. ; environment.
To sample, identify and count

I d t . I
i b Hydrology &
° macroinveriebrates at your Hydrology Site which they live.
a r O r I a e O e Overviow Humans can change natural
Students will collect, sort, identify, and count i

macroinvenebrates from habitats ar their site. Eposystems demonsirate the
complementary nature of structure

Student Qutcomes and function.
Al organisms must be able to obtain

: ° Students will learn o, % Ltk
- identify taxa of macroinveriebrates at e e
el comstantly changing environment.

understand the imponiance of All popriations living together and

) " the physical factors with which they
representative sampling,

S - interact constitute an ecosystem.
- use hiodiversity and other metrics in
macroinvenebrate research {(advanced);

Organisms change the environment in

Populations of organisms can be

" ! categorized by the function they serve
- examine reasons for changes in the o n ¥
— macroinvertebrate community at their e
Hydrolagy Site (acvanced); afe Stream Observation Data Sheet
- communicate project results with other i oehoal [Dae
GLOBE schaols; e
- collaborate with other GLOBE i | Stream Study Site
° schools (within your country or other ) Teacher Group Members:
countries); and Scientifi
— q u I p I I I e I I - share observations by submitting data Identi | Latitude degrees NORTH Longitude degrees WEST
1o the GLOBE archive. Desij
_ -3 Weather
Science Concepts Use D Yesterday Today
Earth and Space Sciences |

Spils have properties of color, texture and Dol Air Temperature “Cor°F Air Temperature “Cor®F
el E— —

compasi(ifm‘ they support the growth usir | Cloud Cover Cloud Cover
— of many kinds of plants. Recog | Slea partly cloudy cloudy clear partly cloudy ___ cloudy

Soils consist of weathered rocks and i
decomposed organic matter. P
Life Sciences

Organisms have basic needs. ]
a t a Organisms can only survive in Time
environments where their needs are 3106 ho -
et i | Macroinvertebrate Surve

Earth has many different kinds of

Precipitation Pr

Comn

How could yesterday’s weather affect today’s field study?

n
A

X - e Time will | Collection methed used: Kick-Seine or D-Net (circle). Benthic Habitat Sampled
environments that support different
o i Sl of organi | 1¢\\cing a kick-seine, collect samples 3 times. o abltat #acoaps
If using a D-net, collect 20 scoops and record the number of Rootwads/ woody
scoops taken from each of the habitat areas in the table = debris/ leaf pack
GLOBE 2005 Freshaler Macrolmerisbrates Prol 5
Undercut Banks
- Check all of the macroinvertebrates that you find in your Other (specity)

stream and calculate the stream’s water quality rating fyou

. . TOTAL 20
may also record the number of each captured, but to calculate the rating at the
bottom, only count each kind of animal once, regardless of the quantity found).
SENSITIVE LESS SENSITIVE TOLERANT
v to pollution ¥ v ¥ | ofpollution
Caddisflies (except Crayfish Aquatic worms
net spinners) g
Mayflies Dobsontlies Scuds Black flics
Stoneflies Fishflics Aguatic sowbugs Midge flies
‘Watersnipe flies Crane flies Clams Leeches
Riffle beetles Damscllies Mussels Lunged snails
Water pennics Dragonflics
PR T




What students do during the
field experience

* Design and/or participate in
investigations to collect data
in the field and/or classroom

* Review data and compare to
expected results

e Repeat protocol or modify as
needed
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What * Discuss to evaluate validity of

students investigative results.
= Compare data collected by
do after classmates
the field = Compare data collected by
. community groups
experience

e Collect additional data as
needed

* Analyze data to identify trends

20



Explaining Results

 Making connections between stream health
and human activities

{
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* Analyze data to make inferences related to the
essential question

— Student data (own and others)
— Agency data

e Share the data

— Student-student discourse/Student-teacher
discourse

— Upload to FieldScope
— Write an essay to explain the results

"



Making Connections

e Make inferences on the health of the stream
e Conduct additional research as needed

* Construct an argument about the best way to
reduce the impact on the stream ( “claim —
evidence — reasoning”)



Extending Learning to Civic Action
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Engaging in Civic Action

Student(s) identify appropriate strategy for
action

Work collaboratively to address the issue
— |dentify resources

— Establish partnerships

— Anticipate obstacles

Implement strategy
Reflect on the effectiveness of the strategy



What Instructional Format was Used?

/ Explore
ale . Question

——
- ~eo

Clarify
Develop

Instructional

[ “The Five E'S’

ate Explores
Q
~ e AN
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Jigsaw

Share your individual observations
Discuss as a group

Summarize the Ahas

ldentify the Take Aways

Discuss the implications for your
and/or for instruction

Report to all




STEM STANDARDS of PRACTICE

M1 Make sense of problems
and persevere in solving them
M2 Reason abstractly and
quantitatively

M. Attend to precision

M7 Look for and make uss

af structure

M3, Look for and exprass
regularity in repeated
raasoning

" E6. Use technology
and digital media
strategically and
capably
M5, Use appropriate
tools strategically

52. Dewelop and use models
M. Model with mathematics

55, Use mathematics and
camputational thinking

EZ. Build a strong basa of

knoviledge throwgh content rich
texts

ES. Read, write, and spaak
grounded in evidence

M2 and E4. Construct viable
arguments and oritique
reasoning of othears

57. Engage in argument fram
evidence

51, Azk questions and

define problams

53 Plan and carry owt
investigations

54. Analyze and interpret data

56. Construct explanations and

design salutions

58. Obtain,
evaluate, and
Commurnicate
infarmation
E2. Obtain,
synthesize, and
repart findings
claarly and
effectively in
response to task
and purpose

El. Demonstrate independemnos in reading complex texts
and in writing and speaking about them
E7. Come to understand other perspactives and culiures

through reading, listening, and collaborations
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end
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[additional info]
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STEM STANDARDS of PRACTICE

For the above Venn diagram (previous slide) showing the relationship of ELA, Math,
NGSS, and STEM, here are the links that were mentioned:

http://nstahosted.org/pdfs/ngss/PracticesVennDiagramColor.pdf (COLOR)
http://nstahosted.org/pdfs/ngss/PracticesVennDiagramBW.pdf (BLACK & WHITE)

These links do not include STEM-the rectangle around the outside edge was added
to indicate that STEM really touches everything.
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