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Welcome!
•Introductions 
�Craig: former farm kid, former ag teacher, current 
researcher, an author of AFNR.
�Beth: Agriscience Instructor at LHS in Michigan

•Overview of Today
�1. FACTS Overview (Curric & Research)
�2. Firsthand Experiences w/ FACTS
�3. Sample Curriculum Activity 
�4. Future Work on Curric. & Instruction
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Disclaimers
•We are not trying to sell you anything!
�We are only trying to provide you with examples of 
options, ideas, and resources that are aligned to 
national standards and research-based objectives. 

•This is not the only way to do this!
�This is one approach we are using – other forms of 
instruction can be effective as well. 

•Ask questions! 
�Don’t be afraid to interrupt us if you need anything.

•We’re going to move quickly in this workshop. 
�All of these resources are available online for you to 
access when you have more time (www.factsnsf.org).  



Key Concern: Rural Sustainability
• 2050 Challenge: how will we...
� produce 70% more food...
� using fewer acres and less resources...
� using methods that can be practiced indefinitely...
� even with a changing climate and a growing population?

• Success will depend on rural sustainability, which 
includes:
1. Use of resources at rates that do not exceed replenishment.
2. Prevention of ecosystem degradation.
3. Development of more secure rural communities.
4. Improved economic, educational, and social opportunities.



Sustainability & Rural Populations 
•Modern agricultural practices are unlikely 
to be able to sustain the current level of 
food production in the long-term.
�Current production practices result in excess soil 
tillage (UNL, 2015). 

�This contributes to surface runoff that is the leading 
cause of surface water pollution (CDC, 2016).

� It also results in rates of soil erosion are ten times 
greater than the rate of soil formation (Trautmann, 
Porter, & Wagenet, 2012).

�Adoption of the Best Management Practices has 
been sparse (Mulla,  Birr,  Kitchen,  &  David,  2008).



Future of Ag Curriculum for
Teaching Sustainability
•How America will look in 2050 
directly depends on how 
students are being taught today. 
�How can we teach our students to create 
a more sustainable future? 

•F.A.C.T.S. reflects one attempt to 
apply scientific research in 
order to create a more 
sustainable generation of 
agriculturalists.
�FACTS is a standards-aligned, multi-
semester high school agriscience 
curriculum.

� It is freely available online – factsnsf.org



FACTS Courses
•There are currently three FACTS 
courses in development.
�Natural Resources is currently being 
tested.
�Horticulture is entering the development 
phase.
�Animal Science will hopefully be completed 
by 2021. 

•The intent is to eventually develop 
courses for all career clusters. 
�…assuming we receive grant funding ;) 



FACTS 5-Day Structure
•Day 1 – Case Study Data & 
Model Development
•Day 2 – Core Ideas & Model 
Refinement
•Day 3 – Inquiry-based Learning 
& Model Testing 
•Day 4 – Review & Assessment 
•Day 5 – Career Connections 



Models & Argumentation
Each week utilizes case 
studies featuring actual 
quantitative data from 
scientific studies.
Students are coached in 
using data to develop 
explanatory models.
These models are then 
connected to specific 
real-life scenarios.



Why Model-based Learning? 
•This form of model-based 
instruction has two key goals: 
�Science Literacy: ability to 
understand, judge, and use science 
in productive and scientifically 
aligned ways 
�Sense-making: the ability to use 
evidence, logic, and argumentation 
to reach sound, valid conclusions. 



How? Next Generation Science Standards
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What scientists know. 

What scientists do. 

How scientists think.

• NGSS are meant 
to guide science 
instruction to 
increase the 
development of 
science literacy 
and sensemaking. 
�This is achieved 
through 3D science 
learning à -The National AFNR standards are 

cross-walked with NGSS.



3-D Science Ed w/ 3 Circle Ag Ed
• Science literacy and sense-making likely depend on 

more than just classroom instruction. 
� Lave and Wenger (1991) suggested that most meaningful 

learning actually happens in authentic informal 
interactions outside of classrooms. 

• Lave & Wenger define learning as:
� 1) a change in identity… 
� 2) as a student moves from being a novice to an expert… 
� 3) in a specific community of practice.

• Ag Ed has a time-tested instructional model reflective 
of these ideas. 
� We should consider using this approach for more than just 

creating new career professionals. 

Expert

Novice
Learning = 
increased 
expertise 
due to an 
authentic 
learning 
envi’t



FACTS & SAEs
• FACTS uses SAEs as a graded 
component of the instruction.
� Science learning must be place-based 

and authentic to be impactful. 

• FACTS utilizes the Supervised 
Career Experience packet* to 
guide students in their SAEs:
� Each student shadows community 

professionals for 15+ hours and develops 
a college & career portfolio.

� These experiences also inform classroom 
discussion on curricular topics.
*A product of the National Council for Ag. Education 



The 3-Circle Model
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• The key question: 
Can we create a more 
sustainable and productive 
generation of 
agriculturalists by 
combining 3-D Science 
Learning w/ the Three 
Circle Model of Ag Ed? 
• The goal of FACTS 
research is to provide 
data on this question. 

+



Questions & Discussion 

15



FACTS in Practice: 
Laingsburg HS, MI
Firsthand reflections of how FACTS worked in a classroom based 
situation. 



FACTS at LHS
•Preparing to teach FACTS.
�How did you prepare to teach in this way? 

•Week-by-week experiences.
�How did your experiences change over this semester? 

•Student reactions.
�How did your students’ respond to this kind of instruction? 

•Changes to student performance. 
�What changes did you observe in your students? 

• Impact on teaching practices. 
�What did you learn about teaching and learning from being a 
part of this research? How did it change your teaching?  



Questions & Discussion 
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FACTS Curriculum: 
Hands-on Activity 
Experiencing Learning in FACTS Firsthand 



Activity Overview
•Section 1: Why Biodiversity Matters
•Week 4: Ecosystems & Biodiversity 
•Schedule: 
�Monday: Bioreactor Ecosystems & Model 
Development
�Tuesday: Core Ideas: Video, Notes, & Model 
Refinement
�Wednesday: Revisit Ecosystems, Meadow 
Simulation
�Thursday: Review & Assessment
�Friday: Career Connections 

Semester Schedule
Week 1: Introduction & Lab 
Safety

Atoms to Ecosystems
Week 2: Matter & Energy
Week 3: Cell Biology
Week 4: Biodiversity & 
Ecosystems
Week 5: Biodiversity & 
Habitats
Week 6: Midterm Assessments

Causes of Extinction
Week 7: Extinction
Week 8: Habitat Loss
Week 9: Invasive Species
Week 10: Land & Water 
Pollution
Week 11: Atmospheric 
Pollution
Week 12: Overharvesting
Week 13: Midterm 
Assessments

Sustainable Societies
Week 14: Natural Resources 
Management
Week 15: Societies & 
Sustainability
Week 16: Individual 
Sustainability
Week 17: Personal Campaigns
Week 18: Personal Campaigns



Monday: Case Study & Model Development
• Overview: phytoplankton (producers), krill 
shrimp (consumers), and bacteria (decomposers) 
are combined in a saltwater ecosystem inside a 
sealed container. 
• Students use this tabletop ecosystem as a 
simplified model to understand how more 
complicated ecosystems function. 
• Students attempt to understand and explain the 
relationship between biodiversity, ecosystem 
services, and ecosystem resilience. 

Phytoplankton Krill Shrimp
Bacteria



Monday: Case Study & Model Development
• 1) If we permanently sealed this ecosystem, could it keep functioning for 

a long period of time? Explain.  
• 2) Will your sealed ecosystem eventually run out of oxygen or carbon 

atoms? Explain. 
• 3) What is most important in this ecosystem – the phytoplankton, 

shrimp, or bacteria? Why? Could one exist without the others? 
• 4) Is your bioreactor ecosystem very biodiverse? Explain. 
• 5) A resilient ecosystem is one that can recover from disturbances. Do 

you think that this bioreactor ecosystem is resilient? Why or why not? 
• 6) Ecosystem services are the benefits that an ecosystem can provide 

(nutrient cycling, water purification, food production, etc.). How do you 
think that the level of biodiversity and level of resilience in your 
ecosystem affects the ability of your ecosystem to provide these 
services? 



Classroom Argumentation & 9 Talk Moves
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´ Goal: Individual students share, expand and clarify their own thinking 
´ 1. Time to Think: Partner Talk/Writing as Think Time/Wait Time
´ 2. Say More: “Can you say more about that?” “What do you mean?” 
´ 3. So, Are You Saying…?: Paraphrasing Student Responses.

´ Goal: Students listen carefully to one another 
´ 4. Who Can Rephrase or Repeat That? 

´ Goal: Students deepen their reasoning 
´ 5. Asking for Evidence or Reasoning: “Why do you think that?” “What’s your evidence?” “How did you 

arrive at that conclusion?” “Is there anything that made you think that?” 
´ 6. Challenge or Counterexample: “Does it always work that way?” “How does that idea square with 

Sonia’s example?” “What if it had been a copper cube instead?” 
´ Goal: Students think with others 

´ 7. Agree/Disagree and Why?: “Do you agree/disagree? (And why?)” “Does anyone want to respond to 
that idea?” 

´ 8. Add On: “Who can add onto the idea that Jamal is building?” “Can anyone take that a little further?” 
´ 9. Explaining What Someone Else Means: “Who thinks they could explain in their words why Simon 

came up with that answer?” “Why do you think he said that?” Source: 
https://www.nsta.org/conferences/docs/2015SummerInstituteElementary/NineTalkMovesFromTERC.pdf



Tuesday – Core Ideas & Model Refinement



Wednesday- Inquiry-Based Investigations 



Thursday – Review & Assessment
1. How does the rate of biomass production relate 

to biodiversity and to ecosystem function? 
2. How does biodiversity affect the resilience or 

fragility of an ecosystem? 
3. What are ecosystem services and why are they 

vital to the existence of humans and other 
species? 

4. Where does biodiversity come from? How do 
new species form?  

5. How do the genes, proteins, and mutations 
relate to the adaptation or extinction of a 
species? 



Friday – Career Connections 
• Directions:
� Form groups based on similar career interests. 
� Address the following questions as a group 
� Be prepared to discuss as a class. 

• Questions:
1. Summarize what we learned this week (in your own words). What 

questions do you still have? 
2. What were the most important things to remember from this 

week? 
3. How might your daily activities in this future career be affected by 

these concepts? 
4. How might the decisions you make as part of this career be 

influenced by these ideas? 
5. How might your future career increase or decrease biodiversity? 



Next Steps 
•All curricular materials are available for free –
visit www.factsnsf.org.
�Email me to get a copy of the answer keys –
kohncrai@msu.edu. 

•Volunteers will be needed to test the FACTS 
curriculum next year (and get paid for it!)– if 
interested, sign up at www.factsnsf.org
�Publication opportunities are also available if you would 
like to collaborate on writing for research journals. 

•Additional courses and materials are coming. 
Stay tuned for more details! 



Please	  visit	  our	  website:	  
www.factsnsf.org
Questions? Email me – kohncrai@msu.edu

Thank you for coming! Please complete a workshop review!

This	  material	  is	  based	  upon	  work	  supported	  by	  the	  National	  Science	  
Foundation	  Graduate	  Research	  Fellowship	  Program,	  Grant	  No.	  DGE-‐
1424871.	  Any	  opinions,	  findings,	  and	  conclusions	  or	  recommendations	  
expressed	  in	  this	  material	  are	  those	  of	  the	  author(s)	  and	  do	  not	  
necessarily	  reflect	  the	  views	  of	  the	  National	  Science	  Foundation.


