Lesson Sequence Project

SED 553

Summer 2000

Jonathan Smith

231-84-7975
I.  Lesson Sequence Topic


The title of this lesson sequence is “The Earth’s Seasons”.  The title of the overall unit that it is a part of is “Seasons and Phases of the Moon”.  I make this distinction because the particular subject of the seasons is more appropriate to cover during four lessons (though it would likely require more time than that) and because it is a natural topic to precede the more difficult to understand topic of the moon’s phases.  The grade level of this unit and sequence is middle school.

II.  Sequence Rationale

Knowledge of the Earth/sun system is integral to the understanding and appreciation of the natural world around us here on Earth.  So many interesting phenomena which are vital to our existence have come about because of the way our planet has evolved with respect to the sun.  Seasons, lengths of days, and literally the rise and fall of species and civilizations have much to do with our place in the solar system.

As such, I find this particular topic to be extremely important to cover in a middle school curriculum.  Moreover, the concepts that are covered in this sequence tend to be difficult to understand for children, and it should be dealt with delicately from a pedagogical point of view.  Additionally, this is a topic which is clearly defined in most science curriculums as important to cover at middle school levels.  Although the subject matter deals with concrete, material things (i.e., a planet and it rotation around the sun), the distances and angles involved in the subject add a bit of abstraction to it which is not easily dealt with in the classroom, even with models.  This is especially true with the latter part of the unit in which this sequence is embedded;  the Earth/moon system is in many ways more complicated for students to understand and also has a certain amount of abstraction associated with it.

I believe the lesson sequence, as I have presented it here, presents the most logical format for the topic.  I have based it on my experiences teaching secondary level Earth science and what I have found to be effective in the classroom.  The most important thing is for the students to grasp an understanding of the material, and it is to this end that this sequence is constructed.  It begins with a general discussion of the Earth as a planet in the solar system, and the geometry of the Earth’s tilt and its orbital behavior.  The second lesson involves a laboratory in which the students work with models to fully grasp a ‘hands-on’ understanding of the material.  The third lesson gives an intense overview of the previous two (main ideas), and delves deeper into the idea of varying lengths of days.  Finally, the fourth lesson has students work in groups through a series of fun exercises allowing them to explore with simple mathematics the concepts behind time-keeping and calendars.

With such a potentially abstract and confusing topic, it is important to consider the students’ prior knowledge before presenting a unit like this.  I have designed the sequence keeping this in mind.  At the very minimum, students should have a knowledge of the solar system, including how the planets move around the sun, and why they move around the sun.  With basic extra-terrestrial knowledge, it is hoped that students have a grasp on the great distances referred to during discussions of space topics.  They should also be familiar with the idea of seasons (how they change) and different hemispheres.  Students should be fine with this sequence as long as they are comfortable with such basic topics of the solar system and the planet Earth.

III.  Standards Addressed in Sequence


It is important during the creation (or revision) of any lesson sequence to keep content standards in mind.  The following are the Oregon Content Standards that I believe are addressed by the sequence and the unit.  In each case I have identified the content area, the content standard and the 8th grade benchmark.
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IV.  Sequence of Instruction


What follows are the general outlines for four activities I plan to use in the lesson sequence.  They are in chronological order, and in developing them I assumed that each would fill an entire class period.  For simplicity’s sake, I have assumed a class period to be an even 60 minutes long, though middle school class periods probably vary greatly in length.

Outline of Lesson Sequence:

I.  Planet Earth’s Tilt and Orbit

A.  Orbit of Earth around sun, tilt of axis


B.  The seasons


C.  Special latitudes


D.  Equinoxes and solstices

II.  Laboratory:  Students investigate the tilt of the earth and the seasons with their own 

models, working in groups;  lab will be a hands-on reinforcement of lesson I

* (See below for details on this laboratory; taken from resource card project)

III.  Seasons (continued) and the Length of Days

A.  Review of main points from lesson I


B.  Varying lengths of days with season and latitude


C.  The ‘trace’ of the sun across the sky through the year

IV.  Group Activities:  


A.  ‘Length of the Day’ exercise


B.  ‘Making Months’ exercise


C.  ‘How Many Days Are in a Year?’ exercise

** (See below for details on these activities; taken from resource card project)

* Laboratory scheme for lesson II:

In this lab, students are able to visualize how the sun’s rays are more direct during certain times of the year than others through hands-on interaction.  This is an excellent hands-on inquiry-oriented activity.  The students are to work in small groups of two or three, with each group at a table having a globe, tape, flashlight, paper star, ringstand, clay, toothpicks, and a pencil.  The globe is put in the center of the table, and 4 pieces of tape are labeled with the 4 seasons and placed around it.  The paper star is meant to be Polaris, the north star, and the height of the flashlight is adjusted using the ring stand such that the light shines on the Tropic of Capricorn at the appropriate time of year.  Students then answer questions, working in groups of two or three, enabling them to demonstrate their understanding of what they are seeing.  Toothpicks can be affixed to the globe in order for the students to get an idea of how the length of the day varies between seasons.

** Activity scheme for lesson IV:

Length of the Day:

This exercise enables students to measure the length of a day by simple observation of natural phenomena (motion of the earth relative to the sun and stars).  First, the student goes out at night and uses the sighting tube to find a particular star.  It is important for the sighting tube to be affixed to a solid object such that the position of the star can be compared on two consecutive nights.  By measuring the clock time between the realignment from one night to another, the length of the day can be ascertained.  The setup for measuring the sun is similar (but it must be stressed to the students NOT to look directly at the sun).  This project has to be initiated a few days before this lesson in order for students to have their data for analysis.

Making Months:

This exercise helps students to understand how the modern calendar was created and the factors going into making an accurate calendar.  It is essentially an application of mathematics and science, and is especially good at having students master conversions, fractions, whole numbers, and factoring.  Every student knows that the calendar year is 365 ¼ days long, but to understand exactly why this is worthwhile.  The advantages and disadvantages to the standard Gregorian calendar are discussed in this lab, and students have the opportunity to invent a calendar for an imaginary planet based on various times taken for those planets to go around the sun.  Students also ponder how different calendars here on earth were devised, and the pros and cons associated with them.  They could be asked to comment on which historical calendar they think is the most sensible (i.e., Mayan, Egyptian, etc.)

How Many Days Are in a Year?:
A natural extension of the ‘Making Months’ exercise, this activity has students calculate exactly how many days there are in a year, and appreciate how different civilizations throughout history have devised their own standards.  Again, it is a good exercise to illustrate the usefulness of mathematics and science as applied to something everybody is familiar with.  This lab is more inquiry-based than the others in that the primary objective is to have students design a reasonable calendar for an imaginary planet.  These planets must orbit the sun very nearly every 365 days, to approximate the earth’s orbit.  This lab can also be used as a history lesson; a detailed discussion can be undertaken to explain different cultures’ calendars.  

This lesson sequence is intended to be done at the beginning of the unit, with a sequence on the Earth/Moon system to follow.  Additionally, I think it would be appropriate to have this unit near the beginning of a middle school Earth Science program.  If this were the case, this unit might be followed by a unit dealing with the planet Earth itself (its atmosphere, oceans, landmasses, and interior).

V.  Lesson Criteria


The following is a lesson plan for the first lesson of the sequence.  It is based on the long plan for lesson planning which is modeled in the text Science Instruction in the Middle and Secondary Schools, 4th Edition (Chaipetta, Koballa, Colette, 1998).

Planet Earth’s Tilt and Orbit - How do they affect our world?

Purpose:  Earth is the third planet from the sun and the largest of the inner planets; it is also the only planet that supports living things.  Like the other planets, the Earth rotates on its axis and revolves around the sun in an elliptical orbit.  The rotation of the Earth on its axis causes day and night as parts of the Earth alternately face toward and turn away from the sun.  Because of the tilt of the Earth’s axis, the length of the day and night are not constant, and this tilt also accounts for the seasons. This lesson introduces students to Earth as a planet.  Students will first discover how the Earth rotates on its axis and how this is the cause of night and day.  They will relate the seasons and the length of days to the rotation of Earth tilted on its axis and to its revolution around the sun.  The major theme in this lesson involves patterns of change (the patterns of day and night and the seasons of the Earth are caused by Earth’s rotation on a tilted axis and its revolution around the sun).

Instructional Objectives:  

1.  Relate the Earth’s rotation and revolution to day, night, and the seasons.

2.  Explain why the seasons are reversed between the northern and southern hemispheres.

3.  Identify the latitude at which the noon sun would be directly overhead at different

     times of the year.

Major Concepts:  Orbit, revolution, axis tilt, solstice, equinox, seasons, Tropic of Cancer, Tropic of Capricorn, Equator, Arctic Circle, Antarctic Circle.

Materials for lesson:  Globe on a stand, small light source, large table at front of room, large wall map showing latitudes, simple drawing of solar system ellipses on board before class.

*Note:  Times indicated below for each instructional activity correspond to the time in a 60-minute class period.  I am unfamiliar with the lengths of classes in middle schools and have thus appropriated time for each activity with an hour block of time, for simplicity’s sake.

Instructional Activities:
1.
INTRODUCTION:  Begin by asking: How do the planets move around the sun? Students should be aware of solar system basics, but some memories may have to be refreshed. Refer to the diagram on the board of the planets, pointing out Earth. Have them recall that planets orbit at different distances, in a circular manner (called ellipses) about the sun.  This orbit is also sometimes called the revolution of a planet.

2.
Tell them that all of the planets are tilted on their axes, and show them by referring to the globe of the earth. Earth is tilted at an angle of 23 ½ ˚, and this is unique among the planets.
:05
3.
Ask:  Think about a typical hot summer day.  What part of the day is the hottest? Why?  Give them a chance to answer, and guide them to the idea that when the sun is highest in the sky (rays are most direct), it is hottest.
:10

4. 
Ask (referring to diagram on board, shown above):  Which part of the Earth is warmest in position #1? Which part of the Earth is warmest in position #2?  What season do you think it is in that half of the world?  If needed, use the globe and the light source to illustrate your question. Make the link between the hot summer midday (more direct sun’s rays) and the sun shining more directly on the northern hemisphere in summer.  Take a lighter and hold it a few feet from the globe nearer the northern hemisphere, then the southern hemisphere, to drive this point home.  Point out how the seasons are naturally reversed between the northern and southern hemispheres, because the sun’s rays can’t be direct over more than one area at a time, since the Earth is a sphere.  Ask:  What would Christmas day be like in Australia?
:20
5.
Refer back to the positions at the left and right on the diagram.  Ask: When the Earth is in position #1, at what latitude is the sun shining directly?  This will be a tricky question and will be difficult for the students to figure out.  Use the globe and light, and keep reminding them that the Earth is tilted at 23 ½ ˚.  This special latitude is called the Tropic of Capricorn, and is special because it is the southern-most latitude where the sun ever shines directly overhead.


6. 
Referring again to the diagram, ask:  When the Earth is in position #1, at what latitude is the sun shining directly?  Hopefully this will be easier than the previous question!  This special latitude is called the Tropic of Cancer, and is special because it is the northern-most latitude where the sun ever shines directly overhead.
:25
7.
Darken the room and have students focus on the globe and the light apparatus.  When the Earth is in position #1, have them look at the top of the Earth.  There is a line beyond which the sun does not shine.  This special latitude is called the Arctic Circle, and is special because when it is winter in the northern hemisphere (summer in the southern hemisphere), the sun does not shine above it.  Likewise, when the Earth is in position #2, have them look at the bottom of the Earth.  There is a line beyond which the sun does not shine.  This special latitude is called the Antarctic Circle, and is special because when it is winter in the southern hemisphere (summer in the northern hemisphere), the sun does not shine below it.  :30
8.
Refer to the wall map now, and have the students recall how a flat map represents the spherical globe.  Point out lines of latitude, and have somebody come up and point out the Tropics of Cancer and Capricorn.  Ask:  On what day will the sun be overhead at the Tropic of Cancer?  Another tricky question, but guide students through it.  They know that when the sun is overhead there, it is summer for us, so by a process of elimination, the sun can’t be overhead there in the winter.  Tell them the date, June 21 (the first day of summer for us).  This date is called the summer solstice.  Write that date and name in big letters on the wall map.  Ask:  On what day will the sun be overhead at the Tropic of Capricorn?  Hopefully, students will deduce that it must be some time of year other than summer.  Tell them it is December 21 (the first day of winter for us).  This date is called the winter solstice.  Write that date and name in big letters on the wall map as well.  Be sure and point out that these dates are 6 months apart.
:40
9.
Ask: Where is the sun in between those dates?  Reason, using the wall map, that since the Equator is halfway between the Tropics of Cancer and Capricorn, then the sun must ‘cross’ the Equator halfway in between June 21 and December 21 (September 22), and again halfway between December 21 and June 21 (March 21).  These days mark the beginning of spring and fall in the northern hemisphere, respectively.  March 21 is called the Vernal Equinox, and September 21 is called the Autumnal Equinox.  Label these names and dates at the Equator, with arrows indicating the sun’s path throughout the year.  Draw the position of the Earth at these two times on the board diagram (top and bottom).
:50
10.
CLOSURE:  Review the main points of the lesson, keeping particular mind of the lesson objectives, being very explicit and to the point.  Ask key questions again, and made judicious use of the props (wall map, globe, light) when asking them.  End the lesson by giving a homework assignment which will enable you to assess the students’ performance on this topic.  The next class period will consist of a laboratory in which students will explore these ideas hands-on, with models.  1:00
Assessment of the Instructional Objectives:


The instructional objectives to be assessed for this lesson are identical to the 

instructional objectives stated at the beginning of the lesson plan:

1.  Relate the Earth’s rotation and revolution to day, night, and the seasons.

2.  Explain why the seasons are reversed between the northern and southern hemispheres.

3.  Identify the latitude at which the noon sun would be directly overhead at different

     times of the year.

All of these instructional objectives will be assessed both from the homework 

assignment, and more importantly, from the laboratory exercise that will follow this

lesson.

VI.  Assessment

A proper and honest assessment strategy seems to me to be vital to any lesson sequence or unit.  To this end, I have formulated possible multiple choice questions which would be used in testing the students over this material.  These questions are meant to be as inquiry-oriented as possible within the confines of a multiple choice format, and are preceded by a list of unit objectives in order for their assessment value to be evaluated.  I have also included an example of an open-ended question, and a performance assessment scheme for the students based on the Oregon Science Standards booklet.

Objectives of the Unit and Sample Test Questions:

At the end of this unit, the students should be able to:

· Explain why the seasons are reversed between the northern and southern hemispheres.
· Estimate the latitude at which the sun would be directly overhead on certain days of the year.
· Relate the Earth’s motion and revolution to day and night and the seasons.
· Explain how the tilt of the Earth on its axis affects the seasons and the lengths of the days and nights at various latitudes.
· Relate the revolution of the moon to its phases.
· Define and describe solar and lunar eclipses.
· Predict the approximate phase of the moon during different times of the month.
· Explain the significance of the Tropics of Cancer/Capricorn, the Equator, and the Arctic/Antarctic Circles.
· Predict moonrise and moonset times during on different nights/days of the month.
· Explain why lunar and solar eclipses do not occur during every full and new moon phase.
Sample multiple choice questions that would address the objectives of this unit are as follows:

1.  At noon on March 21, the sun is directly overhead at the


a.  Tropic of Capricorn


b.  Tropic of Cancer


c.  Equator


d.  South Pole

2.  Choose the most likely pair of high temperatures for Sydney, Australia, and New

     York, USA, on Christmas Day:


a.  Sydney = 88˚,  New York = 25˚


b.  Sydney = 58˚,  New York = 58˚


c.  Sydney = 20˚,  New York = 90˚


d.  Sydney = 88˚,  New York = 88˚

3.  During summer in the northern hemisphere,


a.  days and nights are the same length


b.  days are short and nights are long


c.  days are long and nights are short


d.  the sun doesn’t shine all day

4.  If the Earth were tilted at twice its current angle, the Tropic of Cancer would be

     located at


a.  47˚ N latitude


b.  11.75˚ N latitude


c.  47˚ S latitude


d.  0˚ S latitude

5.  The following is/are a major cause of the seasons:


a.  the varying distance between the Earth and Sun throughout the year


b.  the tilt of the Earth on its axis


c.  the pull of the moon’s gravity on the Earth


d.  both a and b.

6.  The full moon falls on the 15th of a certain month, and there is a lunar eclipse during

     that month.  The most likely date of the lunar eclipse during that month would be


a.  the 15th 


b.  the 1st 


c.  the 21st 


d.  the 31st 

7.  When the moon is seen as new from the Earth, what phase would the Earth be in as

      seen from the moon?


a.  new


b.  first quarter


c.  full


d.  half empty

8.  During the Oregon summer, the sun sets late because days are longer.  What time

     would the full moon rise in the east if the sun were to set at 8:00 pm?


a.  12:00 pm


b.  3:00 am


c.  8:00 pm


d.  12:00 am

Open ended question that addresses the objective:

Explain using diagrams and words, what causes solar and lunar eclipses and how they differ from new moon and full moon phases.

The criteria for scoring this question would be based on how concisely the student answered the question, using good and clear English skills.  The students’ use of clear illustrations demonstrating a full understanding of the geometric principles involved would also weigh heavily in the assessment process.  It would be kept in mind that different students have different ways of explaining things and thinking about things; thus, any number of diverse answers, as long as they were all correct, would be given equal weight.


The performance assessment scheme dictated by the Oregon Science Standards booklet for 8th grade is a good guide to keep in mind when thinking about unit or sequence assessment for students.  The following are the four main areas of the scientific inquiry field test scoring guide for 8th grade as outlined in that manual, with a short description of how students exposed to this particular lesson sequence might be scored according to it:

I.  Framing the Investigation


Students assessed as to how well they use observations (during model lab and activities) and concepts to formulate and express questions to frame investigations.

II.  Designing the Investigation


Students assessed as to how well they design investigations (for this sequence, this would be hypothetical or based on models) which address or explain hypotheses.

III.  Collecting and Presenting Data


Students assessed as to how effectively they collect, organize, and display data.  This would be most applicable to the exercises in lesson four of the sequence.

IV.  Analyzing and Interpreting Results


Students assessed as to how well they can analyze results to develop conclusions.  For this lesson, this can apply to both the group activities and the hands-on model laboratory.

VII.  Conclusion

Many different considerations need to be kept in mind when developing an effective lesson sequence.  The task of the teacher sometimes seems formidable, but by considering the important factors when crafting his or her plans of work, the teacher can make a solid difference in the way that students learn science.  I am anxious to get into the classroom so that I can apply what I have learned this summer to practical use.  It will be interesting to see how this lesson sequence evolves and changes after I have spent time in the classroom with it.

