
Developing a research relevant, age-appropriate, standards-
based curriculum was a rewarding experience. With the 
recognition of the potential adoption of the Next Generation 
Science Standards (NGSS) and of the current Michigan 
Grade Level Expectations (GLCEs), the following lesson and 
hands-on activity were developed for a seventh-grade science 
classroom: 
 

 Lesson: Highlighting the Neuron 
• Students are introduced to the structure and function of the 

neuron, and will discover ways in which engineers apply this 
knowledge to the development of devices that will activate 
neurons. 

• Related Standards  
o Provide evidence that all living things are made of cells, which carry 

out specialized functions (NGSS and GLCEs) 
o Determine central ideas and conclusions related to a text (Common 

Core State Standards) 
o Develop an understanding of the interrelationships of technology 

and other fields of study (International Technology and Engineering 
Educators Association) 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Activity: Building the Neuron 
• Using microscopes, students observe neurons in order to 

design and build a model. Students use their models to 
explain to younger students the function and significance of 
the neuron.  

• Related Standards  
o Develop and use a model to discuss the function of a cell and the 

way the parts of the cell contribute to the overall function (NGSS) 
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Optogenetics refers to the ability to 
activate or inhibit specific groups of 
neurons using optics and genetics. As 
summarized in Figure 1, once an 
organism is injected with a virus, which is 
a protein from an algae that converts light 

into electricity, a fiber-optic cord can be 
implanted, allowing the activation of 
neurons and the ability to record behaviors 
based on the stimulation of these neurons.  
 By pinpointing which neurons cause 
certain behaviors, the use of this technology 
has allowed researchers to inhibit fear and 
activate repetitious behavior in rats. These 
promising results have allowed us to 
consider the future implications of 
optogenetics. Such ideas include inhibiting 
neurons that cause seizures caused by 
epilepsy, suppressing depression or 
schizophrenia, or even repairing 
photoreceptor cells in the eye (Boyden). 
 As seen in the image above, a 
restriction to this technology is the 
protruding optic tether. Further research is 
needed to develop devices that limit such 
restrictions. 
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Translating into the Classroom 

Figure 1 

Engineers at Michigan State University 
are developing smaller, less-invasive 
brain machine interface (BMI) devices 
that meet the demands of optogenetics. 
These devices, which are manually 
assembled (Figure 2), use LED lights to 
activate specific neurons in a rat’s brain. 
Assembling these devices presents its 
challenges, yet once assembled, they 
are effective in stimulating neurons 
(Figure 3).  

The effectiveness of the device is analyzed in the following 
ways: 

• Recording of neural activity 
o Using a connector, a computer collects the data, and 

differentiates between noise and neural activity activated 
by LED light 

• Depth and breadth of light emission 
• Determining extent of tissue damage 
o Microscope slides are prepared by sectioning the brain 

tissue and applying it to the top of the slide 
• Longevity of device in saline-solution 
o Accelerated soak testing aids in  
 the prediction of the device’s ability  
 to survive in the brain’s 
 toxic environment 
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Figure 2 

I. Copper (Cu) Wet Etching 
1. Once the photoresist pattern has been applied, the 

wafer is submersed in an copper etchant that 
removes excess copper. 

II. Parylene-C Deposition and Low Melting Point (LMP) 
Solder Application 

1. Parylene is applied to the remaining copper and is 
then removed in the areas that the solder is to be 
applied. 

III. LED Assembly 
1. Using forceps and a microscope, the LED light is 

placed on the previously soldered copper.  
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