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	Performance Expectations

	Students who demonstrate understanding can:
3-ESS2-1.
Represent data in tables and graphical displays to describe typical weather conditions expected during a particular season. [Clarification Statement: Examples of data at this grade level could include average temperature, precipitation, and wind direction.] [Assessment Boundary: Assessment of graphical displays is limited to pictographs and bar graphs. Assessment does not include climate change.]

3-ESS3-1.
Make a claim about the merit of a design solution that reduces the impacts of a weather-related hazard.* [Clarification Statement: Examples of design solutions to weather-related hazards could include barriers to prevent flooding, wind-resistant roofs, and lighting rods.]
3-ESS2-2.
Obtain and combine information to describe climates in different regions of the world. 
3-5-ETS1-1.
Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or cost. 
3-5-ETS1-2.
Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the problem 


	Highlighted

Science and Engineering Practices

Analyzing and Interpreting Data
Engaging in Argument from Evidence
Constructing Explanations and Designing Solutions

Obtaining, Evaluating, and Communicating Information
	Highlighted

Disciplinary Core Ideas

ESS2.D Weather and Climate

ESS3.B: Natural Hazards 

ETS1.B: Developing possible solutions 


	Highlighted

Crosscutting Concepts

Patterns

Cause and Effect

Structure and Function
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	Highlighted California Environmental Principles & Concepts:

Principle II The long-term functioning and health of terrestrial, freshwater, coastal and marine ecosystems are influenced by their relationships with human societies. 

Principle III Natural systems proceed through cycles that humans depend upon, benefit from and can alter.

Principle IV The exchange of matter between natural systems and human societies affects the long term functioning of both.

Principle V Decisions affecting resources and natural systems are complex and involve many factors.

	CA CCSS Math Connections: 3.MD.3,3.MD.4

	CA CCSS ELA/Literacy Connections: W3.1B,W3.8,SL.3.1, SL.3.2, SL.3.3, SL.3.4,RI.3.1, RI.3.3, RI.3.4, RI.3.5, RI.3.7

	CA ELD Connections: 3.P1.A.1, 3.P1.A.2, 3.P1.B.5, 3.P1.C.9


Introduction

This vignette illustrates ways that three-dimensional CA NGSS implementation can be aligned to support the development of environmental literacy and problem solving using the campus as a context for learning. It highlights ways that regular data collection and data analysis help scientists understand the natural world.


How does Weather Impact our Community? 


Drawing from the social studies curriculum, Mr. C has chosen a year-long theme of community. He works to tie lessons back to the students’ school, their homes, their neighborhood, and their city. Mr. C attempts to integrate science into the theme of community. This works well for his life science unit about Ecosystems and Interdependence as students investigate local plant and animal communities and their interactions with humans. Mr. C’s unit on weather depends on two activities that take place long before the unit begins: students make a detailed site map of their schoolyard and collect regular daily weather measurements all year long. These two activities culminate in the spring when students analyze the data they’ve collected to identify patterns and weather related hazards that they can do something about.
Schoolyard Site Map


As part of the year-long theme of “Community,” students create a “Schoolyard Survey Map”
. They map the natural and build features of the campus, identify different ways that various areas of campus are used, note environmental features like sunny and shady areas of campus, the direction of prevailing winds, and any visible signs of water runoff. Mr. C asks students to record where living things like plants and animals are located and indicate the ways that children use each area of the schoolyard. Each student makes his or her own individual map and then Mr. C facilitates a class process to compile a larger version of the campus map that remains a key part of his bulletin board all year long. Students refer to the map whenever interesting events occur on campus.
Daily Weather Tracking

Every day at the end of lunch, the students record the weather. Was it mostly sunny or cloudy? Windy? Rainy? Some days there is mixed weather, sunny and windy, for example. The class agrees to choose the main weather feature they observe on any mixed weather days. Based on each day’s weather report, a student places a different color dot on the large calendar section of a weather bulletin board he has created for the school year – yellow for sunny, grey for cloudy, blue for rainy, green for windy, white for foggy, etc. He teaches students to read an outdoor thermometer just outside of the classroom; each week, a different pair of students takes a turn reading the daily end-of-lunch temperature and recording the data on the calendar. If the temperature is warmer than the day before, students record the new temperature in red ink; they use blue ink if it is cooler, and black ink if the temperature is the same as the previous day. By the end of the first month of school, the activity becomes a routine taking only a minute or two after lunch recess. 

Teachable Moments about Interesting Weather Events (Engage)

Occasionally, there is an “interesting” weather event – a day where the weather changes, or a day that is particularly hot or cold. Mr. C plans for these days by monitoring the weather forecasts and uses these phenomena to drive class investigations and discussion. In late September, the temperature suddenly jumped 10 degrees Fahrenheit compared to the previous day. Mr. C asks the class to generate questions [SEP-1] about the weather and the impact it has on them. Students wondered:  “Why is it so hot today?” “Why am I so sweaty?” “What’s the hottest it’s ever been on this day?” “Where is the hottest place in the world?” Using a class set of laptops, students work individually to quickly try to find answers to these questions. Mr. C asks them to evaluate the information sources [SEP-8]: “Which websites had the best answers to our questions?” “Which were easiest to use?” “How do we know if the websites are telling the truth?” Mr. C also asks how the weather impacted their day. Students report that the slide was too hot to use, but that it was really nice to lay down on the grass in the shade. By the end of the day, students answered the questions about the weather, listed ways that it affected their day, and also started bookmarking the most useful sites for finding weather related data. Mr. C adds a section to the bottom of the weather bulletin board for “Weather Events” and posts a piece of paper with notes about their hot weather day organized into three sections: “Local Facts” “Human Impacts” and “Global Contacts”.  Mr. C adds red post-it notes to the campus map noting the places where the heat made it difficult to do ordinary activities, noting that the slide was too hot to use, that the blacktop was too hot and “smelled funny.” 
	Local Facts
	Human Impacts
	Global Contacts

	It was 85°F today, 10° hotter than yesterday.

The hottest ever in our city on this day was 91°F in 2010.

The news said they would have a cooling center set up at the public library.
	The slide was too hot to use.

The blacktop made a smell.

I was sweaty.

I felt tired.
	The hottest temperature ever on Earth was 134°F in Death Valley, CA on July 10, 2013.

Plants in hot climates have smaller leaves to deal with the heat.

Some big cities get extra hot because all the blacktop makes a heat island.



Over the course of the year, Mr. C makes plans for students to find quick answers to questions about rain, wind, fog, dew, and by the end of January they had observed each of these phenomena. On March 3, the class was surprised by thunderstorms with hail, leading to a quick investigation and discussion of this unanticipated weather event. By the beginning of April, the class has 130 school days of weather data recorded on the chart, and notes about the impacts of heat, cold, wind, rain, fog, dew and hail on campus activities. The lesson sequence below describes three weeks in April leading up to Earth Day.

	Days 1-3 – Looking for Patterns 
Students analyze the data they have collected throughout the school year and produce reports summarizing the weather in each month of the school year.
	Day 4 – Identifying Seasons 
Students use their observations to describe the major characteristics of the four seasons. They then make a claim about when each season ‘begins’ and ‘ends’ using their data.
	Days 5-6 – Which Hazards Affect Our School? 
Students identify hazards that affect their school and then engage in an argument about which hazards are most dangerous and significant at their school.

	Day 7 – Defining the Problem 
Students research places around the world that experience similar weather problems and find how those communities solve similar problems. Then students return to the problem they face at their own school and decide what their overall goal will be. They figure what they will be allowed to change and what is off limits.
	Days 8-11 – Designing Solutions 

Students brainstorm possible solutions, draw diagrams of one solution, share their diagrams with other students, and complete a final design.
	Days 12-14 – Final Presentations 

Students communicate their design ideas to a group of decision makers at their school during a formal presentation.



Days 1-3 – Looking for Patterns (Explore)

Even though students have been thinking about the data throughout as they collect it, they begin to analyze all the data [SEP-4] together starting in April. Some of the analysis requires mathematical thinking [SEP-5] as they compare temperatures and count days with particular weather features. Whether quantitative or not, students look for patterns [CCC-1] in their weather data. Mr. C leads a class discussion, asking them to look for groupings of weather patterns on the chart. Which months were particularly sunny? Which months were foggy? When did we see temperatures increasing or decreasing? When did it rain? Next, students identify the most common and most unusual weather events, including the hottest and coolest lunch time temperatures in the previous seven months. Students find that the days are mostly sunny or foggy with a few rainy days. The most unusual event was the hail on March 3, but other events stand out too, like the five days in a row of heavy rain in January, the strong winds on March 1st, 2nd, and 3rd that broke branches on the tree in front of the school, and that day in October where the temperature was over 100 degrees. 

Mr. C organizes the class into seven groups and each group prepares a report for their assigned month (3-ESS2-1) following a template. Each report includes a pictograph showing how many days of each weather type were experienced in their assigned month, highest and lowest lunch time temperatures, and answers to the following questions: “What was the most common type of weather this month?” “What were the most unusual weather events this month?” “List three ways the weather was beneficial to people this month.” “List three ways the weather might have been hazardous to people this month.” 
Day 4 – Identifying Seasons (Explain)

When all the reports are complete, Mr. C lines them up in order on the board at the front of the class. He writes “Fall Equinox – September 22” above the September report, “Winter Solstice – December 21” above the December report and “Spring Equinox - March 20” above the March report. He explains that the fall equinox marks the end of summer and the beginning of fall; that the winter solstice marks the transition from fall to winter; and the spring equinox marks the end of winter and the beginning of spring. He notes that students will learn more about the solstices and equinoxes when they get to middle school, but for now, they just need to know that they mark the change of seasons. Working in pairs, students list key features of each season on a graphic organizer with four quadrants. Then, they review the monthly summaries and the day to day records from throughout the year to determine if they agree or disagree with the “official” starting dates for each season. Mr. C draws a timeline above the reports on the board and has each pair of students’ mark the date they believed each season began and ended. As students mark their dates on the board, students naturally engage in an argument from evidence [SEP-7] by justifying their choices. Mr. C facilitates this discussion with talk moves
, prompting students with phrases like, “Tell me more about why you disagree with September 20…” or, “I know you marked December 12, but why do you think that the other group marked January 9?” There is broad agreement that summer weather lasted well into October noting the week with 100 degree temperatures and most groups argue that fall weather didn’t really start until Halloween when it was too cold and rainy for trick-or-treating. It’s trickier for the class to agree the start date of winter weather. Some students argue that winter started when there were 5 days of rain in a row in January, but other groups counter that the weather was actually warmer that week than it had been the entire month of December. Mr. C ends the class with a discussion where students share their observations about the characteristics of each season and the ways that weather can benefit or harm people.


Days 5-6 – Which Hazards Affect Our School? (Explain / Elaborate)

Mr. C introduces their next weather project: students will identify the most serious weather related hazards on campus and design ways to reduce their impacts. On Earth Day, students will present their designs to the School Site Council as recommendations for improving the health and safety of the campus. He explains that a hazard is a, “threat to life, health, property, or the environment,” and uses the campus map to point out some of the ways that weather events impacted student activities during the school year. In groups, students fill in a chart listing common weather phenomena and the potential effects [CCC-2] on people, animals, plants and structures on campus. Before lunch, Mr. C gives the students the assignment of finding a teacher or 5th grader on campus to ask about the most extreme weather events they ever experienced at school. After lunch, students log on to the class set of laptops and obtain information [SEP-8] from news articles about the most extreme weather events in their community in the last ten years. As the last task of the day, students construct a written argument [SEP-7] responding to the prompt: “Identify the top three types of weather events that present hazards on campus. What evidence do you have that these types of weather are likely to create hazards on campus?”


The next day students share their claims about hazardous weather events in table groups. Mr. C asks each table to come to a consensus agreement listing the top three types of weather that impact their campus. Most table groups agree that extremely hot days and very rainy days pose significant hazards. Hot slides burn their skin and sometimes it feels difficult to breath on the blacktop; rainy fields are muddy and slippery leading to falls and on really rainy days, streams of water flood off the blacktop washing litter into the gutter and into storm drains. They also note that both sunny and rainy days are relatively common during the school year. There is broad disagreement about the third most significant weather event. Many students argue that wind is a problem, noting the time that tree branches came crashing down across the street from the school. Others claim that dewy/foggy days are hazardous because of limited visibility and slippery ramps and stairs on campus. Several claim that hail is a significant hazard because it could damage windows, cars, and plants on campus. Many groups seem to be at an impasse, unable to come to consensus. Mr. C intervenes and reminds the entire class that the main goal of this project is to design solutions to weather related hazards, so they might consider which hazards they think they could do something about. By lunch, every table group reaches consensus. 


After lunch, Mr. C has each table group report on their discussion and eventual agreement, probing them to describe the arguments and evidence [SEP-7] that ended up tipping the group to a consensus. All the table groups list heat and rain as two of their top three weather types, and there is a nearly even split between wind and hail among table groups as the third type of weather that generates significant hazards. Before the class ends, Mr. C explains that students will work in teams to design solutions to weather related hazards. There will be four teams, one each for heat, rain, wind, and hail. Within each team, small groups will design solutions to hazards faced on campus. He asks students to list the top two weather types they are interested in addressing and also their top two choices for the group they want to protect: people, buildings/objects, or plants/animals. 
Day 7 – Defining the Problem (Elaborate)

Keeping student preferences in mind, Mr. C created 4 “weather teams” of 9-12 students each. Each weather team obtains additional information [SEP-8] about their weather event and brainstormed additional hazards it could create. Then, each impact group obtains information [SEP-8] about areas of the planet where their weather hazards are more common to see how people around the world work to reduce weather related risks (3-ESS2-2). The groups then have to define the problem [SEP-1] they are trying to solve. What potential hazard are they hoping to avoid and how will they measure whether or not they have succeeded? What things do they think they will be allowed to change and what things are off limits?
Days 8-11 – Designing Solutions (Elaborate / Evaluate)

Next, each impact group identified one hazard to address and began brainstorming ways to solve it. Over the course of a week, Mr. C dedicates at least an hour a day for group work to develop solutions [SEP-6]. By the end of the week, each impact group has completed a labeled diagram of a design to reduce hazards on campus which serves as a pictorial model [SEP-2] of how the structure of their design helps accomplish a specific function [CCC-6]. One group proposes a shade structure over the slide to keep it cool on sunny days, another group designed a bio-swale to keep litter out of the storm drain to protect animals, a third group imagines a wind-fence around the garden and plans to tie every flower to a stake to protect them from the wind. 


Mr. C convenes all of the similar impact groups together to share their designs with each other and get feedback (i.e., all of the impact groups focused on hazards faced by animals meet in one corner of the room to share their solutions for wind, rain, heat and hail related hazards faced by animals on campus). Using a “+/-/delta” protocol, students give each other feedback about the strengths and weaknesses they see in each other’s designs while also offering suggestions for improvements (3-5-ETS1-2). The students make some effective engineering arguments [SEP-7]. In the human impact group, the wind team is worried that the shade structure proposed by the heat team might blow away in a heavy wind. They suggest that the heat team cement it deep into the ground. In the buildings/objects impact group, the hail team and the rain team notice that they both proposed non-slip surfaces for the ramps on campus. Based on feedback from this session, Mr. C asks students to refine and improve their designs. Students create new diagrams and 3-D representations of their solutions.

Days 12-14 – Final Presentations (Evaluate)

Students next prepare for their presentation to the School Site Council, a group of parents, teachers and the principal that make decisions about the school campus. Each weather team will have 6 minutes to share their designs for reducing a weather related hazard on campus, meaning that each impact group gets just 2 minutes to communicate [SEP-8] how their design reduces the risk of their hazard. Mr. C tells them that the adults are excited to hear about the students’ ideas for improving the campus, but there is no guarantee that they will adopt any of their suggestions. He tells the students that many factors go into these important decisions (EP&C V). Mr. C provides a template presentation that ensures students clearly define their hazard, present evidence that the hazard exists on campus, and back up their claim that their design will reduce the hazard (3-ESS3-1). He then provides class time for students to practice and get feedback to improve their presentations.


On Earth Day, students dress up for their presentations to the School Site Council. Each team presents their design ideas and asks the council to implement them before the next school year. At the end of the day, Mr. C hosts a small celebration of the students’ efforts, presenting each team with a “Keepers of the Earth” certificate he designed for them. Mr. C is very proud of the students’ efforts and hopes that the council would support at least one of their proposals. The next week the School Site Council announces that they have allocated funds to paint non-slip textures onto exterior stairs and ramps. While most students are happy that an idea from their class was adopted, a few are disappointed that their own ideas were not selected.  Attuned to this disappointment, Mr. C obtains permission for students to implement three other designs on their own. Later in the year, the class works together to build a wind fence around the garden, to plant trees near the black top to provide shade and block the wind, and to build an insect habitat to protect insects from hail.

Vignette Debrief:

A major theme of this lesson is the interplay between natural weather phenomena and its impacts on people. Mr. C emphasizes that on each of the interesting weather days throughout the school year and then comes up with a solution to the human impacts in the design challenge starting on Day 5. Two of the ‘impact groups’ focus on these impacts (people and buildings/things that are created by people). The third impact group, however, focuses on weather impacts on the natural environment and how humans can alter those (EP&C III). Since these projects relate to weather, a number of the solutions will alter the flow of water (EP&C II, IV). Teachers can emphasize these environmental connections both to the relevant impact groups and during whole class discussions.  

Days 1-4 of the vignette has a strong focus on data analysis [SEP-4] where students identify patterns [CCC-1] in a long series of weather data. Mr. C does not stop when students have identified the pattern. He asks them to interpret the patterns in terms of the four seasons, and then asks them to return to the specific data and see how well it matches up with the general pattern again. This cycle reflects a common theme in science where scientists move fluidly back and forth between data and generalizations. We use data to make generalizations, but places where specific data contradict the general pattern can often lead to new discoveries or refinements of models. In this third grade lesson, students are not expected to be able to explain what causes the patterns but only to recognize and describe them. 

On Day 4, Mr. C provides students an opportunity to engage in an argument using evidence [SEP-7] when they consider when each season ‘begins’ and ‘ends.’ The argument is an ‘authentic’ scientific discussion because there is no obvious ‘correct’ answer. Instead, any answer that can be justified by the data is valid. When scientists make new discoveries, these sorts of discussions with other science are the only way that scientists can verify their discoveries.  Students engage in a different kind of authentic argument [SEP-7] on Day 14 during their final presentation. In this case, they are trying to convince a decision maker that their engineering design is an effective solution to a problem. 

Days 5-14 include portions of the engineering design process. While students define the problem [SEP-1] on Day 5, develop solutions [SEP-6] on Day 6-8 and optimize their solutions during Day 8, they never actually build, test, and improve the design based on the results of those tests. The optimizing here occurs only after peer review of the original design. This example illustrates how effective engineering lessons can focus on parts of the engineering design cycle and do not need to encompass the entire cycle to be successful.
CCSS Connections to English Language Arts and Mathematics
CA CCSS Math Connections: 3.MD.3, 3.MD.4 

CA CCSS ELA Literacy: W3.1.B, W.3.8, SL.3.1, SL.3.2, SL.3.3, SL.3.4, RI.3.1, RI.3.3, RI.3.4, RI3.5, RI.3.7
CA ELD Connections: 3.P1.A.1, 3.P1.A.2 , 3.P1.B.5, 3.P1.C.9  
This vignette was written by Mena Parmar and Nate Ivy of the Alameda County Office of Education.
Vignette Resources:
US Fish and Wildlife. 2016. Create a Schoolyard Site Survey Map. In Green Schoolyards America, Living Schoolyard Month Activity Guide. http://www.greenschoolyards.org/2015-living-schoolyard-month-activity-guide.html (accessed May 5, 2016).
� US Fish and Wildlife. 2016. Create a Schoolyard Site Survey Map. In Green Schoolyards America, Living Schoolyard Month Activity Guide. � HYPERLINK "http://www.greenschoolyards.org/2015-living-schoolyard-month-activity-guide.html" �http://www.greenschoolyards.org/2015-living-schoolyard-month-activity-guide.html� (accessed May 5, 2016).


� See Chapter 9, Instructional Strategies
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