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HS 3 Course, Living Earth, Instructional segment 1: Ecosystem Interactions, Energy, Dynamics , Line 165: 

HS 4 Course, Biology, Instructional segment 5: Ecosystem Interactions, Energy, Dynamics , Line 536: 

“While carbon and nitrogen are essential nutrients, toxic material also cycles through the ecosystem. Students can obtain information [SEP-8] about how mercury accumulates in certain fish species and learn about the impacts this can have on human health.”

HS 3 Course, Living Earth, Instructional segment 6: Climate Change and Human Impacts, Line 1730: 
Snapshot: Food diaries

Ms. M partners with the health teacher at her school to have students record everything they eat and drink for three days. Students enter their diet into an online tool
 that reports their intake of different nutrients and they examine their individual diets in the health class. In Ms. M’s class, they use a different online tool to calculate the total carbon emissions from the production and transport of their food
. Students then enter all their data into a single online spreadsheet to compare each student’s carbon footprint from food and intake of nutrients like fat, sodium, carbohydrates, and fiber (though Ms. M hides the column with student names). The class analyzes the data [SEP-4] and notice several patterns [CCC-1] such as students that eat more vegetables and less meat have lower carbon footprints. Ms M. asks students to create an infographic illustrating the foods that are both healthy for people and healthy for the climate. They prepare a presentation communicating [SEP-8] their findings to the people that run the school lunch program and post their infographic in the cafeteria. 
HS 3 Course, Living Earth Instructional segment 3: Evidence of Evolution, Line 677: 
Snapshot: Simulating evolution of antibiotic-resistant bacteria
Evolution appears ‘slow’ because changes [CCC-7] happen in populations over many, many generations. Bacteria reproduce every few hours, so humans can actually observe their evolution. Mr. K’s class will simulate the effects of antibiotics on bacteria populations using colored index cards or foam packing ‘peanuts’
. Each index card represents an individual bacteria organism; most cards are white, but two red cards represent individuals of the same species that are somehow resistant to the antibiotic. During each round, an antibiotic is applied that kills three out of four of the white cards die but none of the resistant red cards. After each round, the bacteria reproduce (students collect another card of the same color). Students graph the number of bacteria and identify the trend [CCC-1] that the population has evolved to become resistant to antibiotics. 

Mr. K asks students to formulate the ‘rules’ of the index card game as a computational algorithm [SEP-5]. Students then write their own computer code and us it to predict what happens to the population of bacteria when a person with an infection stops taking antibiotics before the end of the prescription. They culminate by constructing an explanation [SEP-6] about how the use of antibacterial agents can cause bacteria to evolve into ‘superbugs’ (HS-LS4-4). They watch a video to obtain information [SEP-8] about how resistant bacteria are impacting behaviors and health at local hospitals. Mr. K then pretends to be one student’s father who wants to throw out his antibiotic when his symptoms go away but before the prescription ends. He asks the student to convince him using evidence [SEP-7] that he should keep taking the medication. 
HS 3 Course, Living Earth Instructional segment 4: Inheritance of traits, Line 750
Other mutations can actually make it harder for diseases to affect humans. Students could obtain information [SEP-8] about how a mutation in the gene that creates the protein CCR5 can delay or prevent AIDS symptoms in people infected with the HIV virus. They develop a model [SEP-2] of how viruses enter cells by matching protein receptors. Viruses like AIDS, bubonic plague, and smallpox cannot enter the cell in people that lack the CCR5 protein receptor. Does this mutation provide clues to create an AIDS treatment or vaccine? Students can also analyze data [SEP-4] from maps showing how common this mutation is in different parts of the world and ask questions [SEP-1] about why this mutation became so prevalent in northern European countries.

Physics - Instructional segment 3: Energy Conversion and Renewable Energy, Line 620: 

Students can analyze data [SEP-4] from maps of the amount of pollution in their community
 and ask questions [SEP-1] about the pollution source and how it affects human health.

Biology 4 Course – End of IS5 

Living Earth 3 Course – End of IS5.
High School Biology Snapshot: How did we eradicate diseases in the US?

Mr H. introduces a historical case study about the different factors that go into eradicating diseases. Even though they may not remember it, every child admitted to school in California must receive a “TB Test.” Despite this universality, it’s likely that students have never met anyone that had TB and may not even know what it stands for (‘tuberculosis’). So why all the fuss with TB tests? Mr. H tells students that if he was teaching 200 years ago, the class would live in fear of this disease. During the 19th century, TB caused as many as 20% of the deaths some years. Today, fewer than 250 people in all of California die of the disease in an average year (California Department of Public Health 2015). How did society accomplish this change?


Mr. H divides the class into two groups that obtain and evaluate information [SEP-8] from different articles that introduce historical case studies of two major scientific innovations: 1) the origin of modern germ theory, including the discovery of tuberculosis bacteria by R. Koch in 1882; and 2) the application of science practices to randomized controlled drug trials, including the very first large scale trial which tested an antibiotic to combat tuberculosis. Each group answers focus questions about the nature of science and core ideas about disease transmission. What effect did each of these innovations have on tuberculosis death rates? Mr. H provides each group with a graph showing how death rates changed around the time of events described in their article. Students analyze the graphs [SEP-4], identifying trends [CCC-1] and looking for evidence of possible cause and effect relationships [CCC-2] between events labeled on the graph and changes in the death rate. Students reorganize in ‘jigsaw’ style where two students from the group that discussed Koch’s investigation communicate [SEP-8] their findings to two students that discussed the antibiotic trial (and then they switch). Students must present an argument [SEP-7] about whether or not their group’s innovation led to a significant decline in TB-related death rates (using their group’s graph as evidence). Students realize that there is evidence that both sets of innovations may have helped, but also that rapid declines in death rates seem to happen even before some of the major events. 
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Source: M. d’Alessio with data from Antunes and Waldman 1999; US Census 2010; Official Statistics of Finland 2010; Public Health England n.d.; Gallant, Ogunnaike-Cooke, and McGuire 2014; Wikipedia 2016


Mr. H wants his high school students to move beyond the simple understanding of linear cause and effect relationships [CCC-2] from elementary school. According to the progression of CCCs in Appendix 3 of this Framework, high school students should recognize that “changes in systems may have various causes that may not have equal effects.” This is especially true when it comes to the ‘health revolution’ that eradicated so many diseases like TB (Aiello, Larson, and Sedlak 2007). Innovations in medicine (drawn directly from scientific discoveries) influenced cultural norms for sanitation (such as hand washing) and led to changes in public policy and land use. These innovations occurred within the context of new technologies such as water filtration and sewage treatment that brought about a consistent increase in the standard of living in the US and other western countries. Students watch a short video highlighting some of these key advances that have led to dramatic increases in life expectancy. Monitoring efforts, including the TB tests taken by every California student, are part of this process. No individual factor is the singular cause of this health revolution. Mr. H leads a whole class discussion where they generate a collaborative concept map representing society as a system [CCC-4] in which changes to different components result in the revolutionary overall system behavior where infectious disease no longer dominates our lives and deaths. 
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� USDA, Supertracker, � HYPERLINK "https://www.supertracker.usda.gov/" �https://www.supertracker.usda.gov/�


� CleanMetrics, Food Carbon Emissions Calculator, � HYPERLINK "http://www.foodemissions.com/foodemissions/Calculator.aspx" �http://www.foodemissions.com/foodemissions/Calculator.aspx�


� � HYPERLINK "https://www.nsta.org/middleschool/connections/201312WelbornWorksheetAnswers.pdf" �https://www.nsta.org/middleschool/connections/201312WelbornWorksheetAnswers.pdf� 


� California Office of Environmental Health Hazard Assessment (2014). Cal Enviroscreen 2.0, http://oehha.ca.gov/ej/ces2.html.





