









The Reasons for the Seasons
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Pretest
Below is a student’s drawing and explanation of the seasons. Read each carefully and respond to the questions that follow.      [image: ]
The Earth’s orbit goes counterclockwise around the sun. The shape of Earth’s orbit is not a perfect circle, but more oblong; we call this elliptical. Since the sun is not in the center of Earth’s orbit, the distance between the Earth and the sun changes throughout the year. During the summer, the sun is closer to the Earth, which makes the temperature warmer. During the winter, the sun is further from the Earth, which makes the temperatures colder.  The Earth is tilted on its axis, which also brings us a little closer to the sun during the summer when compared to the winter. Thus, the tilt of Earth’s axis also makes the seasons warmer during the summer and colder during the winter. 



















Questions: 
1. What do you think is right or wrong about the student’s diagram of the seasons?







2. What do you think is correct or incorrect about the student’s explanation of the seasons? 

THE REASONS FOR SEASONS 
The aim of this investigation is to explain the reasons for the seasons—see the class research question below. Part 1 investigates seasonal temperatures. Part 2 investigates factors that might explain seasonal temperatures. 

Class Research Question:    What are the reasons for the seasons?
Pre-Lab: Answer the questions below
A. How do you believe you did on the pre-test? 



B. What is the difference between weather and climate? What are the similarities? 





C. What weather/climate variables do you think are best to investigate the seasons? 



D. What do you think “Normal Monthly Maximum Temperature” means? How is this calculated?
· NOTE—go to www.weather.com to examine this month’s maximum average temperature.  








Part 1—Describing Seasonal Temperatures Trends
Investigate the inquiry question below. The aim will be to understand seasonal temperature trends.  
How do seasonal temperature trends differ among US cities? 
BRAINSTORMING THE VARIABLES: 
Identify the IV and DV based on the above question. 
IV	___________________________	DV	____________________________
Although you will choose multiple cities for this investigation, it may be best to choose one city from Connecticut since you are more familiar with our local climate. Choose either Bridgeport or Hartford. 
Local City: _________________________________________________________________________________
Constants:  There are factors that can influence a city’s seasonal temperature, but are not factors that can cause the seasons. Brainstorm a list of these factors in the space below.  (Note: why is this step important?)
____________________________       ____________________________        ____________________________
____________________________       ____________________________        ____________________________
Use the list of constants to select cities that best aligns with your local city. Circle the cities on the map (see Appendix B) and then record each one in the table on the next page—check with your teacher BEFORE you begin. 

NOTE—each member must have one city assigned to him or her during this investigation—record this below.  



















PREDICTING: 
Predict the mean monthly high temperature for each city (Note: spend less than 10 minutes on this task). 
Data Table 1: 
	City
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sept
	Oct
	Nov
	Dec

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	



HYPOTHESIZING 
1. Rank these cities from coldest to warmest. Why did you rank them this way?   





2. Describe the month-to-month temperature trends among all five cities. Why did you predict these trends this way? 





3. Describe the difference in temperature between the coldest month and the warmest month for each city. Why did you predict these temperatures this way?  




Reflection: 

4. On a scale of 1-10, how confident are you?  Briefly explain why. 




DATA COLLECTION
5. Collect climate data (30-year averages) from the Northeast Regional Climate Center (Link: http://www.nrcc.cornell.edu/ccd/nrmmax.html). Record the Normal Daily Maximum (high) Temperature for each city in table below. 
Data Table 2: 
	City
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sept
	Oct
	Nov
	Dec
	Yearly

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	



Graphing:   Create a graph of your assigned city—see “Appendix A.”  Do this at home—due by the next class.   NOTE: ALL GROUP MEMBERS MUST HAVE THE SAME SCALE/INTERVALS

	EXTRA CREDIT: Create another graph that incorporates all cities in your group. 
ANALYSIS AND CONCLUSIONS
6. Use the yearly mean temperature among the cities to describe the trend in temperature as you travel north to south. 



Evaluating your prediction: How does this compare to your prediction? 



7. Describe the trends in temperatures month to month from January to December among ALL cities. 




Evaluating your prediction: How does this compare to your prediction? 




8. Calculate the difference in temperature between the coldest and warmest months for each city. 


Evaluating your prediction: How does this compare to your prediction? 
	9. Conclusions: Draw three conclusions about the seasons based on the data you collected (refer to questions 6-8)?

	10. Inferences: List at least THREE factor(s) that you think might explain the three conclusions. In other words, if you said the seasonal temperatures become warmer as you travel south, what factor might explain this trend?  

	




























	

















Part 2—Factors to Explain Seasonal Temperatures 
The aim for this part of the investigation is to determine IF the factors you previously identified can explain seasonal temperature trends/seasons. NOTE: submit this part of the lab for a grade.
Summarizing Results from Part 1:
	
You concluded that the seasonal temperatures…
· are colder in the north and warmer in the south;
· become warmer toward the summer and colder during the winter;
· vary less throughout the year for cities closer to the equator.
You also hypothesized factors that MIGHT explain seasonal temperatures.   Record these on the board.  Discuss. 


Identifying Factors to Explain Seasonal Temperature Trends
From the class list, identify the three most logical factors to explain seasonal temperatures trends. Provide a rationale to why these factors might be able to explain the seasons.   
	Factors
	Rationale—why might this Factor explain the seasons? 

	
	

	
	

	
	


I. PROBLEM 
Select one of the three factors to be the IV. Remember, the DV is the seasonal temperature. Then, write a testable problem and hypothesis. 

IV:______________________________________________ DV: _______________________________________
Problem: ___________________________________________________________________________________
Hypothesis: _________________________________________________________________________________
___________________________________________________________________________________________

Constants: Previously (part 1), we identified constants to when comparing the seasonal temperature data among cities. What additional variables do you think need to be kept constant for part 2 of this investigation? 
II. EVIDENCE 
You collected seasonal temperature data for Part 1.  The factors for Part 2 are astronomical data—this data can be collected from the US Naval Observatory website (see below).  Review this with your teacher. Naval Oceanography Portal—Data Service
Web address: http://aa.usno.navy.mil/data/
This data service has many links—the links below are most applicable.  
Distance from the Sun to Earth:   Topocentric Positions of Major Solar System Objects and Bright Stars
NOTE: This is measured in Astronomical Units (AU) — 1.00 AU is the average distance from the sun to the earth. 1AU = 93 million miles = 149 million kilometers
Duration of Daylight:  Duration of Daylight/Darkness Table for One Year
NOTE: This is measure in hours and minutes. 
Altitude of the Sun: Altitude and Azimuth of the Sun or Moon During One Day
NOTE: Altitude is how high the sun is above the horizon, which is measured in degrees. For example, 0° is when the sun is along the horizon (sunrise/sunset)— 90° would be directly overhead.  









PROCEDURES: 
Write procedures to answer the Part 2 problem/hypothesis—consider the questions below as a guide.   Procedural Considerations
· What kind of data will you collect (e.g., angle, distance, temperature, etc.)? 
· How will you sample the data (e.g., once a month, week, day)? 
· Will the time of the day you sample the data matter (e.g. noon)? If so, what is best time to collect this data? 
· What will be the unit of measurement? 
· How will you organize this data into tables? How will you graph it? 




 









DATA COLLECTION
Create your assigned graph (seasonal temperature & astronomical data).  NOTE: you created a seasonal temperature graph for your city. Add the astronomical data to this graph (see App. A). 
III. CONCLUSIONS 
ANALYSIS: Describe the findings from each group member—be brief but concise. 








DISCUSSION
Answer your problem statement for this investigation (part 2).  Based on what you learned, can this factor explain the seasons? Explain fully. 










VALIDITY:
What variables did you keep constant in your experimental procedure? How did this improve the validity of the experiment? What constant variables did you overlook? How might this have affected the validity of your results? How would you change your procedures? Did you collect enough data? 









IV. COMMINICATING FINDINGS
Summarize the findings and conclusions from each group. Then, reject or accept this factor to explain the reasons for the seasons—please justify your response. NOTE—correlations do not mean causality! 
	Factor
	Summarize the findings for each group
	Conclusions
	Accept or Reject
	Discussion-Reasons to accept or reject factor

	

	

	
	
	

	
	

	
	
	

	
	

	
	
	


V. MAKING CONNECTIONS: (MUST BE DONE INDIVIDUALLY—Attach paper) 
Answer the class research question: What are the reasons for the seasons? When responding, include evidence from the 1) Seasons lab, 2) textbook, and 3) class lecture.  Finally, compare how your ideas changed from the pre-test. 



APPENDIX A: GRAPHING PROCEDURES
1. Use graph paper and a ruler.
2. Choose a type of graph. In general, any continuous data (e.g. time, distance, temperature) requires a line graph, scatterplot, or histogram while descriptive/discrete data (e.g. based on categories) will use a bar or pie graph. Use the table below to choose the best type graph to display the data.  
	Continuous Data (e.g. 1, 2, 3…)—Line, Scatterplot, Histogram Graphs
	Discrete Data (categories)—Bar, Pie Graph

	Line —tracks changes over time; multiple data sets (lines) can be graphed together, however a key must be used. 
Histogram (type of bar)—has ordered columns based on time, temperature, distance, etc. Bars touch one another. 
Scatterplot—determines relationships between groups; use a trend line (does not connect dots, but rather line of best fit) to show positive, negative, or no correlation. 
	Bar—compares data between/among different groups—bars are separated—can be rearranged, if desired (e.g.  numerically, alphabetically). 
Pie—compares parts of a whole, usually in percent; must have labels and include the total number. 




3. Title the graph—include the IV and DV as part of the title. 
4. Decide the range (e.g. 1-10) of the data on the x- and on the y-axis. Use regular intervals (e.g. 2, 4, 6…).
5. Label the each axis—this is the IV and DV.
6. Label the units for each axis—must use SI units (unless there a good reason not to). 
7. Plot the IV on the x-axis and the DV on the y-axis—be accurate. Label the points, if desired.  
8. Create a key, if appropriate. 


12

image1.emf

