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Building Long-term Research Projects and Collaborations

A central goal:

oEnerqy

Expenmem E schoolyard
research
plots

mu E“

KBS GK-12 Project

Fellows: Nick Ballew, Alycia Lackey, Liz Schultheis, Tomomi Suwa
Partner Teacher: Marcia Angle
Leadership: Tom Getty (P1) and Robin Tinghitella (Project Manager)

* serve as arenas for inquiry science activities

* mimic aspects of KBS and fellows’ thesis research
highlight Fellows’ skills as researchers

address Ml Science standards

allow K-12 classes to develop research initiatives
facilitate cross-district research collaboration

* Qutline our experience building the “BEST” research network

* Provide three case studies highlighting how we bring Fellow
research skills to bear on the research network
« Liz: Bringing Fellows’ Thesis Research to the Network
* Nick: Cultivating Scientific Thinking Skills
* Tomomi and Alycia: Enhancing Students’ Research Initiatives

* Consider the benefits and challenges of this type of work

KBS GK-12 Project

* KBS expertise
* Regional interest
* Linked to Fellow research

« Established 10+ years ago,
* 80+ participating teachers
* 13 SW Michigan districts
¢ Trusting relatlonshlps with KBS scientists

Fora bioeneray ecanomy to psitvely impact the U.S. eneray sector, it
mustb

Sracice forthe enire blofuelproducton Evee:

Establishing a research network

The GLBRC leader of Thrust Four is Philip Robertson, Department of Crop and
S0l Sciences, Kelogg Biologica Staton

Establishing a research network
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Summer Institute 2010: Summer Institute 2010:

GK-12 Fellow Nikhil and teacher John Edgerton

As early as possible,
check out a native prairie plot at the GLBRC.

established a structure
giving everyone project
ownership and
important roles —

Successful partnerships
play on strengths that
all Fellows and Teachers
bring to the table!

Partner teacher Sandy Erwin
observes a switchgrass plot at
the GLBRC.

Establishing a research network
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“Can we grow our fuel and have our flowers and butterflies too?”

Basic experimental block:
(modeled after the GLBRC)

Fewmiges | FeRTzED | renniaeo | reRmiED
PRAIRIE | SWITCH | PRAIRIE | SWITCH
HARVESTED HARVESTED
L8| 8%
PRAIRIE | SWITCH | PRAIRIE
HARVESTED
o=

Establishing a research network
\ 4

Establishing a research network

4

2010 School year:

research
plots

[ = joEnergy ik =aei]
BSsTainabiMy ¢ GK-12 BEST

experiment Experiment E . schoolyard

Hastings.

) oK ED:

Three theme-teams and
sets of protocols:

* Biodiversity and Biomass
* Soils

* Landscape-level

FRARE | SWITCH

22| &Y

STGH | PRARE

X _»

Establishing a research network
Establishing a research network
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Fall 2011: Data Collection begins on the BEST plots

Fall 2011: Data Collection begins on the BEST plots

i orm adds your data o the BEST Pl Bomass Prductty
spreacaneet.

e Wi g you acces 103 e dtafom the ntwork.
Ploaseaneryou data careuly.

Establishing a research network
Establishing a research network

Here we show preliminary
evidence from two districts
suggesting that soil
properties impact ecosystem
productivity and diversity.

Example:

* Elementary — collect prescribed data, and draw simple
conclusions based on evidence

* Middle school — pose questions, and conduct experiments
designed largely by Fellows and teachers

* High school — develop questions and experiments utilizing
techniques learned in previous years of research

e

Establishing a research network
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« Fellows use research strengths to tailor our research Outline our experience building the ST” research network

uestion to teacher and student needs
4 * Provide three case studies highlighting how we bring Fellow

research skills to bear on the research network
« Liz: Bringing Fellows’ Thesis Research to the Network
* Nick: Cultivating Scientific Thinking Skills
* Tomomi and Alycia: Enhancing Students’ Research Initiatives

* Teachers use expertise in pedagogy
and grade-level content to ensure
topics and teaching strategies
are relevant and realistic

* Consider the benefits and challenges of this type of work

¢ By the end of our project
(and 5 years of data collection) teachers will have the
experience and resources to continue engaging students
in authentic research

Establishing a research network
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Lythrum salicaria
A central goal:

o Opportunity to share my
research with a diverse
audience

o Think about the major
ideas behind my research

o Think about the broader
context of what | study
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Invasion==
resistance,

GK-12 Fellow Liz Schultheis
GK-12 Fellow Liz Schultheis

Invasive Specie
Activity

. |
Purple Pickerel-
loosestrife weed

GK-12 Fellow Liz Schultheis
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Integrating Fellow Research
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PURPLE LOOSESTRIFE

Move forward:
Growth: )t §/ i/ ‘ix
secss: OGP

Disperse: @@@@

Move backward:
Werbivory: SRR, SIRDR, SRR, SRR

Disease: |+

~ BHE

Drought:

=
Human disturbance:

PICKERELWEED

Move forward:
—es
seots: FDER D
Disperse: @@@,

Move backward:
Herbivory: §SRI, SR, S,

- GEE

Drought:

Human disturbance:

PURPLE LOOSESTRIFE

Move forward:

Move backward:
Werbivory: SRR, SIRDR, SRR, SRR

Disease: |+

~ BHE

Drought:

< o
Human disturbance:

O Some actions harm
native species more
than invasive species

0 These actions
facilitate invasion

MICHIGAN STATE | WK.Kellogg

UNIVERSITY | Biological Station

K-12 Partnership Lesson Plan

Integrating Fellow Research

Integrating Fellow Research
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PURPLE LOOSESTRIFE

Move forward:
Growth: i“ )t WA 3/ ¥
secss: OGP
oisperse: o 8

Move backward:
Herbivory: SRR SRR, SRR SRER

~ BHE

Drought:

o @ o
Human disturbance:

o All species can grow,
produce seeds, and
disperse

o Abilities differ
between species

PURPLE LOOSESTRIFE

Move forward:
Growth: i“ )t WA 3/ ¥
secss: @O ED
oisperse: o 0

Move backward:
Herbivory: SRR SRR, SRR SRR

~ BHE

Drought:

o @ o
Human disturbance:

—

11 Some actions harm
invasive species
more than native
species

0 These actions resist
invasion

ACTIVITIES OF THE
SESSION 1. Introduction

The lesson has two parts: the introduction and activity

a. Ask the students about their prior knowledge on invasive specics.
Can they name any invasive species? Do they know the issues
caused by those species or what people are doing to control them?

b. Give examples of dramatic invasions in Michigan (presentation
contains slides on zebra mussels, emerald ash borer, and Eurasian

water milfoil)

c. What characteristics did all this invaders share? Ask students to pull
together what they can remember from their examples and the ones
in the presentation. See if they can come up with their own list
before showing the slide with characteristics.

d. Tell students that they will now be participating in activity to learn
about the characteristics of invaders that make them successful.

2. Activity

a. Introduce the rules of the activity. Go over species cards, stages, and
events. Describe how students will move backwards and forwards
heel-to-toe and that the students who cross the finish line will be “in
the community” and will have to describe to the class how they got
there.

b. Gather students in a large, open room

c. Students line up, shoulder to shoulder on the start line

d. Give each student a species card (you will not use whole set, ratio of
invaders to natives should be about 1:2)

e. Explain that students will move forward for stages (growth, seeds,
reproduction) when the appropriate stage sign is held up. They will

Integrating Fellow Research




GK-12 Fellow Nick Ballew
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implementing a lesson structure
that focuses on critical thinking.

a condensed example to demonstrate
the general lesson structure.

Question: How does N fertilization affect switchgrass
production?

Claims: T
1. Nitrogen fertilization does not affect productivity.

2. Nitrogen fertilization usually helps, but never hurts
switchgrass productivity.

3. Nitrogen fertilization can help, but too much can harm
switchgrass productivity.

Integrating Fellow Research

GK-12 Fellow Nick Ballew
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ellow Research into the Classroom

o Think about broader context of my research
o Can do basic ecology in the classroom —
the Network and classroom inquiry activities

implementing a lesson structure
that focuses on critical thinking.

THE THREE DIMENSIONS OF THE FRAMEWORK

1 Sdentific and Engineering Practices
. Asking questions (for science) and defining problems (fo engineering)
. Developing and using models
. Planning and camying out nvestigations

Analyzing and interpreting data
Using mathematics and computational thinking

1
2

3

a

B

s

7. Engaging in argument from evidence.

8. Obtaining, evaluating, and communicating information
2

1

2

3

a

s.

[

)

Crosscutting Concepts
Pattems

. Cause and effect: Mechanism and explanation
. Scale, proportion, and quaniity
. Systems and system models
. Energy and matter: Flows, cyces, and consevation
Structure and function
Stabity and change:

3 Disciplinary Core Ideas

A Framemork for K-12 Scienco Education: Pracices,
(Crosscuting Concapts, and Coro ldoas

‘Comitee on Conceptual Fameor o e New K-12 Scence EGucaton

Core Critical Thinking Skills

SKILL Experts’ Consensus Description Subskill
Interpretation “To comprenena and express e meenng of Sgcance of 3 categorze
Wi variety of experiances, SRuSBoNS, data, events, judgments, Dacode sgncance
Conventions, beflf, M85, ProCeqUTes, o Gers” Garty meanng
Analysts. “To laentiy the nienced
‘staterments, QuEStons. GoNoepts. ECCHPUONS. oF Oher KIS 18ty arguments
of reprecentation Fiendad 1o express bee, Lagment, 18y resons and dlame
‘evperinces, reasons, Information, or oprions”
nference ) neecaito Query evicence
‘GonGLISions: 1 1o Confectures and hypofheses: to consider anematives
Iormation and to eduos the coTEGUENces Towng Draw condusions usng
o cata, statements, prnaps, evidence, |udgments, betets, o cecuctie
. Concept=, OSSCHREONS, QESHENS, of Oifer forms resoning
o, r
Evaluation T other #ssess credbity of dams
tnat #5653 qualty of argunents
‘expenance, Stuatn, Judgment, bele. o opinion; and o that ware mace usng
he actual or nauctie or ceducthe
o other forms of
Expianation “To state and 1o Justiy that reesoning In ks of the evicent state resuts.
‘Gonceptual, methoaoiogcs. , and contexual Aty procedures
‘CONSKEFANCNS LPCN Which ONE Feculls aere Dased; and to Fresent arguments
[Bresant cha's FEaSKAING N N Torm of CEgent rgumants"
y ne satt-montior
sett-comect
to ones
‘GoNMITing. Valiathg, or GOeCtng aither cne's feasoning or
ane’s requts”

Source: Critical thinking are from APA Report: Critical Thinking. (ERIC ED 315-423)
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GK-12 Fellow Nick Ballew

GK-12 Fellow Tomomi Suwa

a condensed example to demonstrate
the general lesson structure.

0 28 56 84 112 40 168 19 0 28 55 84 112 140 168 19

N rate (kg N ha-1) N rate (kg N ha-1)
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0 28 56 8 112 140 168 196

the benefits of implementing
this critical thinking lesson.

Ecology and evolution of plant — rhizobia mutualism

GK-12 Fellow Nick Ballew

GK-12 Fellow Alycia Lackey

Using real data in the classroom

3/20/12

Biomass yield (Mg ha-1)

a condensed example to demonstrate

the general lesson structure.

8 s 84 112 140 168 1% 0 28 56 & 112 140 168 19
N rate (kg N ha-1) N rate (kg N ha-1)
2011

N

N,O emissions
o iy
cw o N

0 28 56 84 112140168 196

0 28 56 8 112 140 168 1%

Evolution, Ecology, & Behavior of Speciation

Communicate Develop
results & questions &
conclusions hypotheses
Analyze Design
data experiment
% Collect w
data
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Using real data in the classroom

Practicing the ENTIRE scientific process

Communicate Develop
results & questions &
conclusions hypotheses
Analyze Design
data experiment
& Collect %

data

Invertebrates in our research plots
"ants bees, was snails & slu
’ ’ ps gs
g da v

= g

hymenoptera

*flies & mosquitoes
A diptera M

..e:'i'f N %
e

» spiders, ticks,
*dadd”y’ long legs

T Tk .

centipedes
( centipedes, b}

el

Using real data in the classroom

Collecting data:

Sticky Trap Pitfall Trap
S

Using real data in the classroom

Using real data in the classroom

3/20/12

Practicing the ENTIRE scientific process

Communicate Develop
results & questions &
conclusions hypotheses
Analyze Design
data experiment
\ Collect

data

Trapping invertebrates

Sticky Trap Pitfall Trap

Using real data in the classroom

Entering data:

Data Collection Method *
[@] Sticky Trap
[ Pitfall Trap

Prairie, unFertilized, unHarvested
Invertebrate orders present; remember: cursor or tab, NOT ENTER/RETURN
If data is not available for this plot, enter an "m" for missing in each field

# Ants, Bees, Wasps (Hymenoptera); Prairie, unFertilized, unHarvested *
enter 0 if none were present




Using real data in the classroom
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Using real data in the classroom

Viewing data:

KBS GK-12 BEST Plot Invertebrate Biodiversity spreadsheet

Fle Edt Vew hset Fomat Data Tools Form(16) Help

B Ag-P s nme wm: B A-B-E S:-MY
o Aycintackey
! #Ants, Bees,  #Beetles &
o Wos
o T el (Cotepen
Porson Etering the Poople Who N (i e P,
e ot i Rocorged he K120t Data Collcion nFarised,  wFenized,
i o Losmame)  Sehool Bockcode | Mathod  unto nteneded
0 o2 asings hrs
* "5 katoStsmama ooy sodems Mty st HasngsHS Hastge-HHSE) P T ' I
" R0 okate Swensma bisegy s Mty Buhler Hasigs S Hasings. HHSTE)  Sicky Tap v f
w o s Bashats
155512 Ghriino Nioman gy Closs . Hatou  Vicksurg EvLobd Vickshrg VELI) iy Tap 2 .
& g e Aashaks
61391 Ghrine Noman By Closs . Hatour  Vicksurg e Lot Vickhrg VELI) Pl T 2 .
© o e Bow
70551 Ay tackey_ Ntien Mrs Remer HarperCeek S HarorCreek HCH() Sicky Trap . .
Simplifying & Organizing data:
Number of Invertebrates Caught in
Types of Invertebrates Sticky Trap Pitfall Trap
Wings 504 56
No Wings 36 143
«» 600
5 8
. O B Sticky Trap
@ 5 400
-] .
€& OPitfall Trap
358 200
>
ZE
0
With Wings No Wings
Type of Invertebrate

Practice analyzing & interpreting data:

* Varied skill levels
* Focus on skills that need development

* Authentic research experience
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Using real data in the classroom

Using real data in the classroom

3/20/12

Simplifying & Organizing data:

Y s c o G G ] I J o
1) COPY AND PASTE ROWS OF DATA INTO ROWS 3-6
Nameof TheNames Your — K-12 Data  #Ants, #Beelles& #Bugs, #Fles&

2/1012012 1558
s N

Timestamp the ofthe

Teacher's District & Block Code  Collection
Person  People Name (Mr. School
Christine Ms. s

leman  Ratashaks Harbour

s Weevis Cicadas Mosquitos
Wasps  (Coleoplera) , Aphids  (Diptera);

Vicksburg Vicksburg
Enviabd VEL1(7) |[SICR 1R ? ° 3 N

Method

Christine M. s Vicksburg. Vieksburg
e 211020121613 Nieman  Ratashak's Harbour ~ EnvLabd VEL1(7) iz e 2 1 9 °
Aycia  Ash, Drew, Mrs. Harper  Harper
5 | 21020121705 okey  Nathen  Remer  Creekhs Creek  SUK/TIER 9 o 9 e
Aycia wrs. Harper  Harper
2nozor2 a3 B8 astoock g L T Pl Trap 2 1 0 3

Christine Neiman

Analyzing and Interpreting data:

Level 1 H ':9@

— Graph given, Interpret

tevel 2 L= [i 21—/

— Graph given, Redraw graph, Interpret
Level 3 it =i 5 @@

— Summary data given, Draw graph, Interpret

Leveld (i = il ==t @@

— More complex data given, Calculate summary data,
Draw graph, Interpret

=

Practicing the ENTIRE scientific process

Communicate Develop
results & questions &
conclusions hypotheses
-Multiple hypotheses
and predictions
Analyze Design
data experiment
-Graph
~Statistics -Randomization
Collect -Replication
-Control

data

-Creating data sheet
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Using real data in the classroom

Using real data in the classroom

*How does productivity vary among treatments?

*Does insect diversity differ among treatments?

*How will legumes be affected by fertilization?

* After several years, which treatments will have more
nitrogen in the soil?

FERTILIZED

SWITCH

FERTILIZED |

PRAIRIE

o

FERTILIZED)| FERTILIZED

SWITCH [PRAIRIE

ARVESTED | HARVESTED

PRAIRIE

SWITCH

PRAIRIE|SWITCH

HARVESTED \HARVESTED.

Hypotheses

Design Experiment

Woods
Wetland
BEST Plots
Parking Lot

Collect Data

Do some habitats have more insects
than other habitats?

Habitat # Sticky Total Insect  Total Insect
Traps Abundance Richness
Woods 10 468 10
Wetland 11 948 7
BeSt Plots 16 512 El
Parking Lot 6 130 2
m 2
P i
S w 1
o 3w
S e Eou
g » 7
S w S o
£l g
£ £
oo Weimd | sotwifon | Faion wooes W S Fokoglor
Habitats Habitats
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g real data in the classroom
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* Qutline our experience building the “BEST” research network

* Provide three case studies highlighting how we bring Fellow
research skills to bear on the research network
* Liz: Bringing Fellows’ Thesis Research to the Network
* Nick: Cultivating Scientific Thinking Skills
* Tomomi and Alycia: Enhancing Students’ Research Initiatives

* Consider the benefits and challenges of this type of work

10
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Benefits and Challenges

Benefits

Challenges

Comfortable with talking about our research
Self-confidence

Working in a collaborative team
Become better scientists!

Unknowns in Science
- Low germination
- Weedy plots
Data management in collaborative work
Establishing long-term network within the framework
of GK-12 funding period

Students learn to see scientists as accessible people and have
opportunities for adding to the science community as they
begin to see themselves as scientists.

Students gain renewed interest in “their” science through new
inquiry lessons and heighten their ability to state claims, give
evidence and reasons.

School districts find GK-12 to be a time worthy investment and
benefit from the newly generated curriculum, added materials,
time spent in the community.

Building Long-term Research Projects and Collaborations

vl

MICHIGAN STATE joenerey
UNIVERSITY ‘ GKES Bojeat

Fellows: Nick Ballew, Alycia Lackey, Liz Schultheis, Tomomi Suwa

Partner Teacher: Marcia Angle
Leadership: Tom Getty (P1) and Robin Tinghitella (Project Manager)
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Contact us

3/20/12

Benefits

« Learn first hand what is new and ongoing in science research and have
engaging conversations with fellows.

* Increased enthusiasm for learning and teaching science, while changing the
way teachers think.

* Most teachers are comfortable with science content. Many are able to
perform “cookie-cutter” science labs. With the help of fellows, mentoring
teachers become proficient using inquiry and relax with the unknowns.

* Teachers need more exposure to these relationships not less as the next
generation of science standards calls out for greater student understanding of
evidence and ability to reason claims.

Challenges b -
* Few are comfortable with the uncertainty of inquiry
* Incorporate BEST plot project in school curriculum K-12

kbsgkl12project.kbs.msu.edu

Kellogg Biological Station's GK-12 Program

Project You can i an overiew and nroducion o our projectal s msu <duserget G-

2_invocuctn o

projecsin ther sttes, it e Ntons| G 12 websle,

T2 dsres aves

Tinghislia

Project
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