
Title: Vision and critical periods

Abstract: What is your phenomenon of interest? Your hook, your question, your piece of wonder?  How are you going to make more sense of it?  Avoid jargon, aim for ~150 words. You are writing this to tell the educator what this lesson plan is about and why they should use it.

How are we so good at getting around in our environment? How can we play basketball or other sports? How can we tell that two objects at different distances are actually at different distances? As humans, we have really excellent depth perception; this skill actually develops early in childhood. Proper visual experience during this “critical period” in childhood is actually very important for this skill. In this lesson plan we’ll learn how important input from both eyes is for depth perception. We’ll also learn what the biological underpinning of depth perception and how this develops in the brain. This lesson plan is designed for a middle school audience but can be made into a high school lesson plan (supplemental material provided). 


What standard(s) does this address? 
	NGSS Performance Expectation

	MS-LS1-8. Gather and synthesize information that sensory receptors respond to stimuli by sending messages to the brain for immediate behavior or storage as memories.




	Common Core Math
(found w/ NGSS)
	N/A




	Common Core English
(found w/ NGSS)
	Gather relevant information from multiple print and digital sources (primary and secondary), using search terms effectively; assess the credibility and accuracy of each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and following a standard format for citation




Keywords: Neuroscience, development, vision, perception, critical period 


Learning Objectives: What will the students be able to do or demonstrate after this lesson? 
Use measurable verbs. Try to make them three-dimensional by using Science & Engineering Practices (HOW), Disciplinary Core Ideas (WHAT), Cross-cutting concepts (WHY) that you find with your NGSS. 

After completing this lesson, students will be able to:
 
· WHAT: LS1.D Information processing (how do organisms detect, process, and use information about the environment?).  Students will be able to define what critical periods are and identify examples of them. They will be able to broadly explain how changing environmental input is particularly significant during critical periods. Students will understand that this visual input during the critical period is required to be transmitted to the brain resulting in proper brain function. 
· WHY: CCC6. Structure and Function. Students will be able to understand cause and effect relationships and how changing visual input during the critical period can change the function of the visual system and binocular vision. Understanding the importance of cause and effect to research studies. For example, by manipulating X variable one can assess or analyze its effect on a particular phenomenon or biological property. In this case, by manipulating visual input, one can assess its importance in visual system development and function.
· HOW: SEP3. Obtaining, evaluating, and communicating information. Gather, read, and synthesize information from multiple appropriate sources and assess the credibility, accuracy, and possible bias of each publication and methods used, and describe how they are supported or not supported by evidence. Students will be introduced to some science videos and be given a brief introduction to experiment design. 


Lesson plan outline: 
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Lesson plan writer name: Laura Sancho Fernandez
Lesson plan writer position and institution: Postdoctoral researcher, Salk Institute
Lesson plan writer email:  sanchofernandez@salk.edu
Do you want teachers to contact you with questions / opportunities for classroom visits? Yes!



	Learning E 
	Teacher Does / Says
	Student Does 

	Engage
 How can I get students interested in this?


	Total time: 5 minutes

30 seconds: Show video of researcher being followed by baby geese (Slide 2) 

Ask questions:
What is happening in this video? 

Why do you think he is being followed around? 

Point out that they are baby geese. Explain that the geese think that the researcher is their mother, because he was the first living thing they saw when they hatched. This is called “imprinting” and only happens right after hatching. 


	
Students can describe what is happening (e.g. This man is being followed around by baby geese) 

Students can share general observations about this video clip. 

Students will express surprise or amusement at the video. 
  

	Explore
What tasks / questions can I offer to have students puzzle through this?
	Total time: 10 minutes (5 minutes for activity, 5 minutes for discussion)



Depth perception activities:

Slide 3 with a dot- hold finger up to it. Focus on dot and you should see two fingers. Focus on your finger, you should see two somewhat transparent dots. If you do, then you have good depth perception! 
· Try it with or without glasses if you wear them 
· More info linked on Slide 4
 
Group students into break out rooms if appropriate to encourage discussions between them. 


	





Discuss what they see. 

Compare what students that wear glasses see with or without glasses. 

	Explain
How can I help students make sense of their observations? 
- let them try to explain first
	15 minutes
 
Draw similarities between depth perception and the geese video. Depth perception is formed during a specific part of development, just like geese imprinting on the first thing they see after hatching. These are two examples of critical periods. 
	
Ask students to define critical period: a time when environmental input or experience (like vision) is essential for the proper development of a particular function. 

For e.g. depth perception is dependent on visual experience during childhood. For instance, if amblyopia (lazy eye) is not corrected in childhood, then that individual will never develop good depth perception. You need input from both eyes. 

In the brain, depth perception depends on having the proper number of neurons/ cells that respond to input from either eye (monocular) or both eyes (binocular)- model of decussation on slide from visual field to hemispheres (Slide 6). 

Ocular dominance: a property of cells in the brain, which describes how they respond to either eye. Competition between the eyes for cortical “territory” (Slide 7)

Vocabulary definitions on Slide 5.

	







Ask students: 
What can they come up with for a definition of a critical period? 

Vocabulary list: development, critical period, amblyopia, monocular, binocular, ocular dominance, plasticity 























After introducing ocular dominance, students could hypothesize on what could happen during amblyopia, in terms of ocular dominance 




	Elaborate
How can my students apply their new knowledge to other situations? 
	10 minutes
Ask students if they have any other ideas for what other examples of critical periods are (e.g language, some aspects of sport training)

Ask students what would happen if the input from either eye were changed or manipulated during the critical period? How could one manipulate the visual input? (Slide 8)

Ask them to make predictions to what would happen to ocular dominance in the brain (high school option- Slide 8). 
Ocular dominance plasticity: when the ocular dominance of a cell or brain area changes, usually in response to altered experience (e.g. amblyopia) 



	Identify other examples of critical periods. 





Students will give examples of manipulations that would change the environmental input (e.g. amblyopia/ lazy eye, eye loss, etc.) 



Students will hypothesize the shifting of ocular dominance maps to demonstrate understanding of the role of environmental input in changing brain circuits. 





	Evaluate 
How can I help my students self-evaluate and reflect on their learning? 
	10 minutes 

What are other ways one could manipulate ocular dominance? Propose an experiment (e.g. blindfold one eye during childhood)

[bookmark: _GoBack]Discuss the barn owl prism goggle example (paper and accompanying worksheet attached-high school option-, synopsis on Slide 9)

Barn owl example: complex behavior 
Goggles in juvenile vs. adult owls. 


	

Ask students to predict what would happen if goggles were put on adult owls.



What are the researchers manipulating here? What changes are they assessing? 




Appendix: 

Powerpoint has links to videos (Baby geese following researcher around) and supplemental materials and diagrams explaining some of the vocabulary terms. There is a supplemental worksheet for the barn owl prism goggle experiment. 


STEM researcher biography (optional): 

Hello! My name is Laura Sancho Fernandez and I am a postdoctoral researcher in a neurobiology lab (Nicola Allen’s lab) at the Salk Institute in La Jolla. In the lab, we study the role of astrocytes, a type of glial cell, in regulating brain development, maturation, and aging. I look at how astrocytes can influence the development of the visual system, and how experience can modify the relationship between astrocytes and neurons. I’m originally from Spain (fluent in Spanish as well), but have lived in the USA for 26 years. I went to college at Boston University and graduate school at UC San Diego. I’ve always been interested in studying how experience and the environment can impact brain development. 
